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FIFTY-SECOND CONGRESS, SECOND SESSION. 


Concurrent resolution adopted by the Senate February 9, 1893, and by the House of Rep- 
resentatives lebruary 15, 1893. 


Resolved by the Senate (the House of Representatives concurring), ‘That there be printed 
of the Reports of the Smithsonian Institution and of the National Museum for the 
year ending June 30, 1892, in two octavo volumes, 10,000 extra copies; of which 
1,000 copies shall be for the use of the Senate, 2,000 copies for the use of the House 
of Representatives, 5,000 copies for the use of the Smithsonian Institution, and 2,000 
copies for the use of the National Museum. 
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LETTER 


FROM THE 


SECRETARY OF THE SMITHSONIAN INSTITUTION, 


ACCOMPANYING 


The annual report of the Board of Regents of the Institution to the end of 
June, 1892. 


SMITHSONIAN INSTITUTION, 
Washington, D. C., July 1, 1892. 
To the Congress of the United States: 

In accordance with section 5593 of the Revised Statutes of the United 
States, [ have the honor, in behalf of the Board of Regents, to submit 
to Congress the annual report of the operations, expenditures, and con- 
dition of the Smithsonian Institution for the year ending June 30,1892. 

I have the honor to be, very respectfully, your obedient servant, 

S. P. LANGLEY, 
Secretary of Smithsonian Institution. 


Hion. Levi P. Morton, 
President of the Senate. 
Hon. CHARLES I". CRISP, 
Speaker of the House of Representatives. 


FEM 


ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION TO THE 
END OF JUNE, 1892. 


SUBJECTS. 


1. Proceedings of the Board of Regents for the session of January, 
1892. 

2. Report of the Executive Committee, exhibiting the financial affairs 
of the Institution, including a statement of the Smithson fund, and re- 
ceipts and expenditures for the year 1891-92. 

3. Annual report of the Secretary, giving an account of the opera- 
tions and condition of the Institution for the year 1891~92, with statis- 
tics of exchanges, etc. 

4. General appendix, comprising a selection of miscellaneous me- 
moirs of interest to collaborators and correspondents of the Institu- 
tion, teachers, and others engaged in the promotion of knowledge. 
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MEMBERS EX OFFICIO OF THE “ESTABLISHMENT.” 
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(List given on the following page.) 


OFFICERS OF THE INSTITUTION. 


SAMUEL P. LANGLEY, Secretary. 
Director of the Institution and of the U. S. National Museum. 


G. BROWN GOODE, Assistant Secretary. 
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REGENTS OF THE SMITHSONIAN INSTITUTION. 


By the organizing act approved August 10, 1846 (Revised Statutes, 
Title LXxu1, section 5580), “The business of the Institution shall be 
conducted at the city of Washington by a Board of Regents, named 
the Regents of the Smithsonian Institution, to be composed of the Vice- 
President, the Chief-Justice of the United States [and the Governor of 
the District of Columbia], three members of the Senate, and three mem- 
bers of the House of Representatives, together with six other persons, , 
other than members of Congress, two of whom shall be resident in the 
city of Washington and the other four shall be inhabitants of some 
State, but no two of the samé State.” 


REGENTS FOR THE YEAR 1892. 


The Chief-Justice of the United States: 
MELVILLE W. FULLER, elected Chancellor and President of the Board Jan- 
uary 9, 1889. 
The Vice-President of the United States: 
LEVI P. MORTON. 

United States Senators: Term Expires 
JUSTIN 8. MORRILL (appointed Feb. 21, 1883, and Dec. 15, 1891). Mar. 3, 1897. 
SHELBY M. CULLOM (appointed Mar. 23, 1885, and Mar. 28, 1889). Mar. 3, 1895. 
RANDALL L. GIBSON (appointed Dec. 19, 1887, and Mar. 28, 1889).Mar. 3. 1895. 

Members of the House of Representatives: 

JOSEPH WHEELER (appointed Jan. 5, 1888, and Jan. 15, 1892) .. Dee. 27, 1893. 


HENRY CABOT LODGE (appointed January 15, 1892), _.......-- Dee. 27, 1893. 
W. C. P. BRECKINRIDGE (appointed January 15, 1892)_....._... Dec. 27, 1898. 


Citizens of a State: 
HENRY COPPEE, of Pennsylvania (first appointed Jan. 19, 1874) .. Jan. 26, 1898. 
JAMES B. ANGELL, of Michigan (first appointed Jan. 19, 1887)...Jan. 19, 1893. 
ANDREW D. WHITE, of New York (first appointed Feb. 15, 1888). Feb. 15, 1894. 
WILLIAM P. JOHNSTON, of Louisiana (appointed Jan. 26, 1892) .. Jan. 26, 1898. 
Citizens of Washington: 
JAMES C. WELLING (first appointed May 13, 1884).........--.-- May 22, 1896. 
JOHN B. HENDERSON (appointed January 26, 1892).....-. Ree Jan. 26, 1898. 


Executive Committee of the Board of Regents. 


JAMES C. WELLING, Chairman. HENRY Copper. J. B. HENDERSON. 
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SPECIAL MEETING OF THE BOARD OF REGENTS. 


OCTOBER 21, 1891. 

Pursuant to a call by the Secretary, a special meeting of the Board of 
Regents was held at the Institution to-day at 10:30 a.m. Present: 
the Honorable Levi P. Morton, Vice-President of the United States; 
the Honorable 8. M. Cullom, the Honorable R. L. Gibson, the Honor- 
able B. Butterworth, Dr. A. D. White, Dr. J. C. Welling, Dr. Henry 
Coppée, Gen. M. C. Meigs, and the Secretary. 

The Vice-President took the chair and called the meeting to order, 
and on Dr. Welling’s suggestion, there being no objection, the reading 
of the minutes of the last annual meeting was dispensed with. 

-The Secretary then stated that he had, some months since, entered 
on a correspondence with Mr. Thomas G. Hodgkins, of Setauket, Long 
Island, and that Mr. Hodgkins had intimated his desire to give a con- 
siderable sum to the fund of the Smithsonian Institution ‘‘for the in- 
erease and diffusion of knowledge among men.” T'urther correspond- 
ence led to visits to Mr. Hodgkins by the Secretary and by the Assistant 
Secretary, and to prolonged conferences with him, the result of which 
was that Mr. Hodgkins offered a donation of $200,000, concerning 
which the Secretary had telegraphed the Regents June 22, and upon .. 
receiving the individual approval of most of the Regents to the accept- 
ance of the sum named, Mr. Hodgkins had later, on September 22, at his 
home on Long Island, given this amount in cash to the Secretary, who, 
in company with the Assistant Secretary, had brought it to Washington 
and deposited it in the Treasury of the United States, with the under- 
standing that an early meeting of the Regents would be called as a 
body to consider as to its acceptance. 

The exact terms in which Mr. Hodgkins made this gift would, the 
Secretary said, be stated later; but he gives $200,000 to the Smithsonian 
Institution to be added to the Smithson fund proper “for the increase 
and diffusion of knowledge among men,” with the condition that the 
income of $100,000 of the gift shall be used, under this general purpose, 
for the especial one of the increase and diffusion of knowledge by in- 
vestigating and spreading knowledge concerning all the phenomena of 


atmospheric air. 
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This meeting was, therefore, called in pursuance of this understand- 
ing, and also with regard to some matters concerning the Zodlogical 
Park. 

Dr. Welling said that he had been instructed by his colleagues on 
the Executive Committee to bring the matter of this donation before 
the Regents in such a way that they can accept or reject the munificent 
gift made by Mr. Hodgkins. He then read the following preamble and 
resolutions: 


Whereas, Thomas G. Hodgkins, of Setauket, Long Island, has placed in the hands 
of the Secretary of the Smithsonian Institution, the sum of two hundred thousand 
dollars, for the purpose declared by him in a formal statement, as follows: 

SEPTEMBER 22, 1891. 

I, Thomas G. Hodgkins, of Setauket, New York, desiring to increase the endow- 
ment of the Smithsonian Institution, founded in the city of Washington, for the 
increase and diffusion of knowledge among men, have transferred to Samuel Pierpont 
Langley, Secretary of the Smithsonian Institution, the sum of two hundred thousand 
dollars, the same to be delivered to the Board of Regents of the Smithsonian Insti- 
tution, to whom I give it in trust, to be invested permanently in the Treasury of the 
United States, as a part of the Smithson fund, and its interest to be applied to the 
increase and diffuson of knowledge among men; this fund to be called the Hodgkins 
Fund, and all premiums, prizes, grants, or publications made at its cost, to be 
designated by this name; the interest of one hundred thousand dollars of this fund 
to be permanently devoted to the increase and diffusion of more exact knowledge in 
regard to the nature and properties of atmospheric air, in connection with the wel- 
fare of man in his daily life and in his relations to his Creator, the same to be 
effected by the offering of prizes, for which competition shall be open to the world, 
for essays in which imporiant truths regarding the phenomena on which life, health, 
and human happiness depend shall be embodied, or by such other means as in years 
to come may appear to the Regents of the Smithsonian Institution calculated to 
produce the most beneficent results. * * * 

(Signed) THomMas G. HODGKINS. 

Witness: 

(Signed) M. L. CHAMBERs, 


Therefore, be it 

Resolved, That the Regents hereby accept the sum in question, subject to the con- 
ditions thus stated by the donor, and that the Secretary is instructed to carry into 
effect these conditions, and to administer the income as in the case of the income 
from other funds belonging to the Institution. 

Resolved, That the Secretary is instructed to place the sum of $200,000 in the U. S. 
Treasury, at six per centum interest, under the terms of section 5591, of Title Lxxm, 
of the Revised Statutes of the United States. 

Resolved, That the thanks of the Board of Regents are tendered to Mr. Hodekins 
for his generous and public-spirited donation, and that an engrossed copy ae the 
above preamble and resolutions be transmitted to him by the Secretary. 


In answer to a question as to whether this was an absolute gift to 
the Institution, the Secretary said that Mr. Hodgkins thoroughly under- 
stood that this gift was subordinate to the general title of the Smith- 
sonian fund, though it was to bear his own name as a sub-title. 

Senator Cullom addressed the meeting at length, quoting frequently 
from the Revised Statutes, arguing in favor of accepting the gift with 
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its conditions, and concluding his remarks with a motion that the 
resolutions be adopted. 

The Chairman having put the mee the resolutions were unani- 
mously adopted. 

The Secretary then brought before the Regents the difficulties under 
which he was laboring from the insufficient appropriations for the Na- 
tional Zodlogical Park, and after a full discussion of the special diffi- 
culties of the situation belonging to a novel undertaking, where no one 
could say beforehand what appropriation would certainly be required 
under each item, but where limited appropriations are nevertheless 
made in unchangeable specific items, unsupplemented by discretionary 
power, the following preamble and resolution were adopted: - 

Whereas, the National Zodlogical Park has been placed under the direction of 
this Board, under legislative conditions quite other than those contemplated at the 
time that the responsibility of its administration was accepted by it: 

Resolved, That the Secretary is authorized and instructed to represent to the 
proper committees of Congress the difficulties which these conditions impose upon 
the administration of the Institution, and to advise such legislation as may do away 
with the present system by which half of the expense of said park is paid from the 
revenues of the District of Columbia; and also to advise such changes in the form 
of future appropriation bills as may be requisite to do away with the especially 
imposed difficulties which are now encountered in carrying on the work, 


Adjourned. 
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ANNUAL MEETING OF THE BOARD OF REGENTS. 


JANUARY 27, 1892. 

The annual meeting of the Board of Regents of the Smithsonian 
Institution was held to-day at 10 A. M. Present: Mr. Chief Justice 
Fuller, Vice-President Morton, the Hon. J. S. Morrill, the Hon. S. M. 
Cullom, the Hon. R. L. Gibson, the Hon. Joseph Wheeler, the Hon. W. 
©. P. Breckinridge, Dr. Henry Coppée, Dr. J. B. Angell, Dr. William 
Preston Johnston, the Hon. J. B. Henderson, and the Secretary. 

Excuses for non-attendance were read from Dr. J. C. Welling, caused 
by illness, and from Dr. A. D. White, by important engagements. 

The Chancellor stated that the minutes of the annual meeting of 
January 28, 1891, and of the special meeting of October 21, 1891, were 
of considerable length, and the Secretary was requested to read them 
in abstract, which was done. 

The Secretary announced that the Vice-President on December 
15, 1891, re-appointed as Regent the Hon. J. S. Morrill, a United 
States Senator; that the Speaker of the House had re-appointed Repre- 
sentatives Joseph Wheeler, of Alabama; Henry Cabot Lodge, of Massa- 
chusetts, and appointed Representative W. C. P. Breckinridge, of Ken- 
tucky, and that further vacancies in the Board had been filled by the 
re-appointment, by joint resolution approved by the President, January 
26, 1892, of Henry Coppée, of Pennsylvania, and by the appointment 
of William Preston Johnston, of Louisiana, and John B. Henderson, 
of the District of Columbia. 

The Secretary announced the death of Gen. M. C. Meigs, a Regent 
at large, on January 2, 1892. 

Dr. Coppée moved that a committee, to consist of one member of the 
Board and the Secretary, be appointed to present to this meeting an 
obituary notice of the late Gen. Meigs. The motion was carried, and 
the Chancellor nominated Dr. Coppée to act with the Secretary. Dr. 
Coppée, after expressing his regret at the illness of the chairman of the 
Executive Committee, and his personal sorrow at the death of his eol- 
league on the committee, Gen. Meigs,read the following memorial reso- 
Jution: . 

MEMORIAL RECORD OF GEN. M. C. MEIGS. 


The Board of Regents of the Smithsonian Institution desires to place on record 
the expression of its sincere sorrow and its sense of the great loss it has suffered in 
the death of Gen. Montgomery Cunningham Meigs, a member of the Board and 
one of its Executive Committee. His valuable services to the Institution beean 
indeed before he was officially connected with it as a regent and continued Gate 
. his death. 

While Gen. Meigs was prominently associated with many useful undertakings, his 
record as a soldier and as a citizen is marked by unswerving fidelity and ES 
dinary capability. The principal events of his life can only be briefly mentioned 
as showing what varied experience he placed at the service of the Institution. ’ 
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He was born on the 3d of May, 1816, ati Augusta, Ga., where his father, Charles 
D. Meigs, afterwards the eminent physician and author of Philadelphia, was then 
practicing medicine. After preliminary studies at the University of Pennsylvania, 
he entered the Military Academy at West Point on the Ist of July, 1832, and was 
graduated with distinction in 1836. He was at once appointed to a position in the 
artillery service, and in the following year was transferred to the Corps of Engi- 
neers. In 1849 he was engaged in the Engineer Bureau at Washington, and from 
that time until the outbreak of the civil war his activity was principally directed 
to the construction of Government works. Toward the close of 1852 he made a sur- 
vey at Washington to determine the best plan for supplying the city with water. 
He was eventually placed in charge of the work, which included the designing and 
construction of the Potomae acqueduct. This remarkable work contains a single 
arch of 220 feet span, which still remains the largest stone arch hitherto constructed. 

He also had charge, as supervising engineer, of the north and south extensions 
of the National Capitol and of the construction of the iron dome, as well as of the 
northward extension of the General Post-Office building. 

When the war broke out he was appointed colonel of the Eleventh Infantry 
(May 14, 1861) and afterwards quartermaster-general of the U.S. Army, with the 
rank of brigadier-general. This post required unusual administrative ability, with 
@ probity which commanded general recognition, and it was because of his high 
integrity and the strength of his personal character, as well as his acknowledged 
capacity for business, that he was entrusted with the handling and use of hundreds 
of millions of dollars in the greatest war ever waged. 

This is not the place to recount his military services. They were numerous and 
admirably discharged. His duties took him to all parts of the country, connected 
him with many fields of labor, and engaged him on the most varied commissions. 
Suffice it to say that he fully justified the confidence imposed in him by President 
Lincoln, performing with signal ability the duties entrusted to him. In 1864 he 
received the well-earned title of brevet major-general in the Army. 

Even during the period of his service in the Army he was engaged in other oceu- 
pations; rendering the Smithsonian Institution most important service in 1876 by 
devising the new building for the National Museum, a marvel of economic design. 

While still full of vigor Gen. Meigs was retired from active service on the 6th 
of February, 1882, by the inexorable law which makes the grand climacteric the 
period when military inaction begins. But he was by no means idle. He signalized 
his talent as an architect by the construction of the Pension-Office building at 
Washington between the years 1882 and 1887. 

He was elected a feliow of the National Academy of Sciences in 1865, and a regent 
of the Smithsonian Institution, as a “citizen of Washington,” and directly upon his 
entrance into the board, December 26, 1885, became an active member of its Execu- 
tive Committee. He was always present, extremely painstaking, and eminently 
judicious in his counsel and judgment on important points of business and policy. 
He had just been nominated as regent for another term of six years when he was 
taken away from us by sudden illness (January 2, 1892). 

He was eminent as a soldier, as a scientific investigator, as a public-spirited citi- 
zen, and as a man. Industrious and exact in business, he knew no idle time. He 
was a busy man even when he spent « year in Hurope for his health in 1867 and 
1868, as weli as on his visit there in 1875 on Government service. 

Few regents have been of such importance to the Institution as Gen. Meigs, and 
it is fitting that we should record our tribute of thankfulness for his eminent serv- 
ices and our great sorrow at his loss. He was a maui faithful in all things, who has 
left behind him an enduring reputation. 


Senator Gibson moved the adoption of the memorial and that a copy 
thereof should be sent to the family of Gen. Meigs, which was carried. 
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The Secretary presented his annual report, with the remark that he 
had taken pains to place matters of minor consequence in the appendix, 
so that what was most deserving attention had been comprised in so 
few pages that he might hope it would be found to be within readable 
compass. The report was accepted. 

Dr. Coppée said that owing to the absence of his colleague, Dr. 
Welling, he found himself acting for the Executive Committee, and he 
would present the committee’s report for the year ending June 30, 1891. 
On motion, the report was adopted. 

The Chancellor stated that the election of a new member of the Exee 
utive Committee was in order. 

Gen. Wheeler moved that the Hon. John B. Henderson, of Washing- 
ton, be elected to fill the existing vacancy on the committee, and the 
motion was carried. 

Dr. Coppée offered the following resolution relative to income and 
expenditures, which was adopted: 

Resolved, That the income of the Institution for the fiscal year ending June 30, 
1893, be appropriated for the service of the Institution, to he expended by the Secre- 
tary, with the advice of the Executive Committee, upon the basis of the operations 
deseribed in the last annual report of said committee, with full discretion on the 
part of the Secretary as to items of expenditures properly falling under each of the 
heads embraced in the established conduct of tne Institution. 

Dr. Coppée then stated that he had the following resolution to offer 
in connection with the subject of the astro-physical observatory: 

Resolved, That Congress having appropriated $10,000 for the maintenance of an 
astro-physical observatory, without reference to any precedent condition of build- 
ings to be furnished by the Smithsonian Institution, that the Secretary be author- 
ized to expend, under the general resolution relative to income and expenditure, the 
sum of $5,000 bequeathed by Dr. J. H. Kidder, and $5,000 given by Alexander 
Graham Bell, in directions consonant with the known wishes of the testator and the 
donor. 

He would ask the Secretary to explain the purport of the resolution. 

The Secretary said that he would recall to the Regents that $5,000 
received from the estate of the late Dr. J. H. Kidder, and $5,000 given 
by Mr. Alexander Graham Bell, through the Secretary, had been de- 
posited, subject to draft, in the Treasury, and did not form a portion 
of the funds drawing interest. At their meeting in January, 1891, the 
Regents had resolved, in effect, that if an appropriation for an astro- 
physical observatory were made by Congress, contingent on the eon- 
struction of buildings for said observatory by the Institution on a suit- 
able site to be designated by Congress, they would appropriate this 
$10,000 for buildings. There being no present demand, then, or likeli- 


hood of any, for the money for the purpose mentioned in the first reso-_ 


lution, this second one was offered to enable the Secretary to employ 


the money, if necessary, in other ways consonant with the purpose of 


the donors. The resolution was then passed. 
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The Secretary stated that being last year in Paris, and knowing that 
the remains of Smithson were in Genoa, he made a special journey there 
for the purpose of seeing if the place of sepulture of the founder of the In- 
stitution was properly cared for. The tomb of Smithson is on the bills 
of San Benigno, high above the Gulf of Genoa, in a small and obscure 
cemetery, whose very existence is unknown to the majority of the peo- 
ple of the city. It is the property of the English Government, and in 
the immediate charge of the British consul. The tomb was a substantial 
structure, but it appeared to have had no attention during the sixty 
years of its existence, though other tombs in the small inclosure bore 
evidenceof continued care. The Secretary showed drawings of the tomb 
and its present surroundings, and stated that he had taken upon himself 
the responsibility of depositing a small sum at the cost of the Institution 
to insure its suitable and perpetual care. Hehad provided for this with 
the advice of the American consul, who had shown much kind interest 
in the matter, but he had thought that the Regents should know 
that there was nothing about the tomb to show that it was the resting 
place of the founder of the Institution, and that it might possibly be 
desirable that some instructions should be given as to supplementing 
this action by placing a suitable tablet upon the tomb, or otherwise 
adding some fitting inscription. He further stated that he had under- 
stood that it was very possible that the site of the cemetery might be 
used for other purposes by the Italian Government, and that in case of 
the removal of the remains of Smithson it might seem fitting that they 
should be brought to this country. 

Senator Gibson moved that there be an expression of the approval by 
the Regents of the Secretary’s action, and that the whole matter be re- 
ferred to the Executive Committee, with authority to act for the Regents 
in any further steps that might become necessary. The motion was 
carried. 

The Secretary stated that he felt it his duty to represent to the Re- 
gents that he was unable to carry on the Zodlogical Park for the stuns 
appropriated by Congress. He would recall to the Regents that the 
management of the park had originally been undertaken by them with 
the expectation that it would be used primarily for national scientific 
and utilitarian purposes, but the action of Congress in raising one-half 
of the sum from the taxpayers of the District led to a very natural 
demand, on the part of the latter, for the enlargment of the entertain- 
ment feature, which was what especially interested them, and that this 
demand had consideration in Congress was shown by the debates. The 
general result of all this was a tendency of the park to become an ex- 
pensive pleasure ground, requiring a much larger annual outlay than 
the comparatively inexpensive scheme which the Regents had origin- 
ally recommended, At the last session of Congress his very carefully 
considered, and, he believed, economical, estimates had been reduced 
by about one-half in the appropriation actually made, which was in 
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XVII JOURNAL OF PROCEEDINGS. 


three items: For buildings, improvements, and inaintenance. While 
all were insufficient, that for maintenance (which was essentially for 
the care and food of living animals) was peculiarly inadequate, since it 
left him unable to care for creatures who could not care for themselves, 
and ought not to be allowed to suffer. This item, then, was notably 
different in kind from those providing for buildings or roads, which 
might be left incomplete with less immediate damage or only pecuniary 
loss. 

Senator Morrill expressed his regret at the deplorable insufficiency 
of the appropriations for the park, and at the necessity of contemplating 
the sundering of the park from the Institution, but he was of the opin- 
ion that such a separation would become desirable unless some change 
was made. He thought it out of the question that the matter should 
continue on the present footing, and the Smithsonian ought not again 
to be put under the necessity of caring for any part of the park out of 
its private funds, even temporarily and indirectly. 

Further remarks were made by Mr. Breckinridge and Mr. Wheeler. 

With reference to the administration of the Institution, the Secretary 
recalled that the Assistant Secretary has, as such, no power to act in 
the Secretary’s place, such as the Assistant Secretary in any Execu- 
tive Department possesses, and that he can not even execute such 
routine signatures of necessary vouchers and like papers as in Executive 
Departments the law authorizes, not only him, but his subordinates 
to do. 

Apart from the important administrative duties assigned to the 
Secretary, there present themselves daily a great many vouchers and 
like routine papers for the Treasury from the different bureaus under 
his charge—papers which, as has just been stated, would in every 
bureau of any Exeentive Department of the Government be signed by 
a subordinate officer; while here the Secretary or Acting Secretary — 
must personally sigu such routine money papers, under a custom which 
has grown step by step from small beginnings to be a hardly tolerable 
burden in the illness or absence either of the Secretary or of the Act- 
ing Secretary, while for their joint illness no provision is made what- 
ever. To mectin part the difficulties arising from the necessity of dele- 
gating authority for signing vouchers and like Treasury papers, it 
was stated that by proper action of the Board of Regents all require- 
ments of the Treasury Department might be met. 

No similar difficulty exists in any Executive Departinent, because 
in all such the law provides not only for the Secretary and Acting 
Secretary, but for a line of succession of subordinate officers author- 
wed to execute such acts as the daily conduct of their respective 
bureaus reuders necessary. 

The Secretary pointed out that, owing to the established principles of 
conduct in the Smithsonian Institution (which there was no intention 
here of departing from), the Secretary’s power had never been diffused 
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and delegated as was the case in the Executive Departments of the Gov- 
ernment, where there were several persons in every separate bureau 
who had a right, in case of the absence not only of the Secretary and 
Acting Secretary, but of the head of the burean itself, to carry on its 
affairs, and especially to sign such money papers as were required for 
its current business with the Treasury. There was no time, however, 
in the past twelve years, when, in the joint event of the illness of the 
Secretary and the Acting Secretary, there was any such provision for 
carrying on the current business of the Institution. The Secretary 
further pointed out that since the provision for an Acting Secretary 
was first made in 1879, he had made a computation of the amount of 
business coming before the Secretary then and now, which shows that 
the work is at present from eight to ten times that when the first legis- 
lation for an Acting Secretary was asked for. 

Dr. Coppée said that owing to his long connection with the Institu- 
tion—perhaps the longest of any member present, with the possible 
exception of Senator Morrill—he felt particularly in a position to cor- 
roborate the statements made by the Secretary as to the growth of the 
business of the Institution since the passage of the act relating to the 
appointment of an Acting Secretary, and he thought the best manner 
of effecting this immediate relief to the Secretary was covered by the 
following resolution: 

Resolved, That the Secretary be empowered to appoint some suitable person who, 
in case of need, may sign such requisitions, vouchers, abstracts of vouchers, accounts 
current, and indorsements of checks and drafts as are needed in the current busi- 
ness of the Institution or of any of its bureaus, and are customarily signed in the 
bureaus of other departments of the Government. 

He added that as this came before the Board at a late hour he would 
move, in order to give time for its consideration, that the whole matter 
be put in the hands of a committee appointed by the Chancellor with 
power to act. 

The Chancellor stated that undoubtedly the increased growth of the 
Institution had introduced new demands, and that it was desirable 
that the action in reference to them should be carefully studied. 

After further remarks by Mr. Breckinridge and Mr. Henderson and 
other members of the Board, Dr. Coppée said that he thought the 
action of the Executive Committee could cover the ground of the reso- 
lution, and, ou motion of the Vice-President, the whole subject was 
referred to the Executive Committee with power to act on the resolu- 
tion. 

The Secretary said, in connection with what had just been done, 
that the increased burdens of extraneous duties imposed by Congress 
were accompanied by special expenses for administering appropria- 
tions for which no legislative provision was made, and which necessa- 
rily fell on the limited Smithsonian fund, partly in indirect ways. 
There was no provision, for instance, for a disbursing officer, or private 
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secretary, or stenographers, or clerks, or messengers to attend to the 
administrative duties common to all the bureaus under the Regents’ 
care. 

Dr. Coppée offered the following resolution, at the same time calling 
the attention of the Board that it referred to public funds only: 

Resolved, That the Secretary be instructed to ask for an appropriation by Congress 
to meet the miscellaneous expenses incident to the administration of the public 
funds with which the Regents are intrusted. 

On motion the resolution was adopted. 

There being no further business before the meeting the Board ad- 
journed. 
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SPECIAL MEETING OF THE BOARD OF REGENTS. 


MARCH 29, 1892. 


A special meeting of the Board of Parone was held to-day at a 
quarter before 10 o’clock A.M. Present: The Chancellor—Mr. Chief. 
Justice Fuller, in the Chair; the Hon. Levi P. Morton, Vice- 
President; the Hon. S. M. Cullom; the Hon. R. L. Gibson; the Hon. 
Joseph Wheeler; the Hon. H. ©. Lodge; the Hon. W. C. P. Breckin- 
ridge; Dr. J. C. Welling, and the Secretary. 

The reading of the minutes of the last meeting was dispensed with, 
and the Secretary read a telegram from Dr. Coppée, expressing his 
regret at his inability to be present. 

The Secretary stated that the meeting had been called at the request 
of three of the Regents chiefly on account of the action of the Appro- 
priations Committee of the House of Representatives—a matter in 
which the good name of the Institution was in some measure involved, 
—whereby the appropriations for various Government interests under 
the charge of the Regents had been reduced to such an extent that the 
prosperity of all these departments would receive a blow from which 
they could not hope to recover for years to come. 

Especial stress was laid upon the inadequacy of the appropriations 
for the National Zodlogical Park and attention was also called to the 
fact that the park is already visited on fair days by thousands not 
only of adults but of children, while dangerous animals are there with- 
out sufficient buildings or cages or inclosures, and without means to 
provide them, and that the only protection of the public and especially 
of children must be from incessant guardianship, which the present 
small and overworked force is unable to properly render. 

_ The Secretary stated that he was unable to carry on the park with 
less expenditure for maintenance than $26,000, or with a less total 
appropriation than $50,000, in case it were made in one item. 

The following resolutions were introduced by Mr. Wheeler: 

Resolved, That the Board of Regents of the Smithsonian Institution would re- 
spectfully represent to Congress the impossibility of maintaining the administration 
of the United States National Zoélogical Park, required by the act of Congress of 
Apvil 30, 1890, with a less appropriation for maintenance than $26,000, or with a less 
total appropriation than $50,000. 

Resolved, That the Secretary of the Institution be requested to communicate this 
resolution to the President of the Senate and Speaker of the House of Representa- 
tives, with a preliminary statement of the reasons and considerations on which it is 
based. 

After some further discussion, the resolutions were adopted, with 
the understanding that such limited modification of the wording mi ght 
be made as to meet any technicality suggested by the Treasury De- 


partment. 
There was a general expressionof opinion among the Regents that the 
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condition of the affairs of the park should be brovght to the attention 
of Congress by explanation on the floor of the House and Senate from 
Regents and friends of the Institution. 

Further remarks on the matter were made by Mr. Lodge and Dr. 
Welling. 

The Secretary then read a communication from Mr. Thomas G. 
Hodgkins, dated March 10, 1892, in which Mr. Hodgkins stated that 
he desired to relinquish the option of contributing the further sum of 
$100,000 to the Smithsonian fund. 

There being no further business before the Board, the meeting ad- 
journed, 


REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION. 


FoR THE YEAR ENDING 30TH OF JUNE, 1892. 


To the Board of Regents of the Smithsonian Institution : 

Your Executive Committee respectfully submits the following report 
in relation to the funds of the Institution, the appropriations by Con- 
gress, and the receipts and expenditures for the Smithsonian Institu- 
tion, the U. S. National Museum, the International Exchanges, the 
Bureau of Ethnology, the National Zodlogical Park, and the Astro- 
Physical Observatory, for the year ending 30th June, 1892, and 
balances of former years: 


SMITHSONIAN INSTITUTION, 
Condition of the fund July 1, 1892. 


The amount of the bequest of James Smithson deposited in the 
Treasury of the United States, according to act of Congress of August 
10, 1846, was $515,169. To this was added by authority of Congress, 
February 8, 1867, the residuary legacy of Smithson, savings from 
income and other sources, to the amount of $154,831. 

To this also have been added—a bequest from James Hamilton, of 
Pennsylvania, of $1,000; a bequest of Dr. Simeon Habel, of New 
York, of $500; the proceeds of the sale of Virginia bonds, $51,500; 
and a gift from Thomas G. Hodgkins, of New York, of $200,000, mak- 
ing in all, as the permanent fund, $903,000. 


Statement of the receipts and expenditures from July 1, 1891, to June 30, 1892. 


RECEIPTS. 
Ghisin- ain jienvel citi 1 ONE ok eS See eaaD eps eoeadoatsg deeern $40, 062. 11 
Ihniverest: Grr amianel dane ata heehee eae ese $21, 090. 00 
Interest on fund January 1, 1892 -...-....-...--. 23, 391. 36 
—————— 44,481.36 
@ashetromlhomas-G.aHodokineses . 2 <5. dice. eee =-- 200, 000. 00 
hae : $284, 543, 47 
Cash from sales of publications ......--.--.---------------- 378. 24 
Cash from repayment of freight, etc...-....---------------- 2, 595. 99 


2, 974. 23 


287, 517. 70 
XXIII 


Total receipts .------<<0 ---- +--+ 2 eee eee eee eee eee 
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EXPENDITURES. 


Building: 
Repairs, care, and improvements... .--.------ $1, 892. 23 
Hurniture and fixtures. 552... o-c-- se -- == 855. 89 
— $2, 748. 12 
General expenses: 
_ Meetings ....-...--..---.-..--- 2-2-5 220+: 558. 50 
Postage and telegraph -...-...--------.------ 243. 50 
SbatON OL Yee eee eee aa ene eee 486. 37 
Generalsprin iil Cece se cect oe 284. 55 
Incidentals (fuel, gas, ete.) -.--..-.--------- 2, 209. 19 
Library (books, periodicals, etc.) -.---.----- 1, 234, 52 
STEN BIG SUES. 4e QOS Sen Sto Se aan ee esion noenn nseee 16, 276. 85 
———_ 21, 293. 48 


Publications and researches: 


Smithsonian contributions ............------ 6, 067. 43 
Miscellaneous collections..........-.-------- 855. 55 
RUGDONGS = se eer ee ee aee ees tall lalate 429, 04 
RRO STEP ROI NG SIeE Baia nto he erp Mente ee OOTe Sas adae 2, 031. 90 
Apparatus.....-.-..---.. etjace sted Seana tes 1, 625. 61 
Toby HKD RNS 6 Soe encigs whos Soo acodaeac 10. 75 
INMISGtLM Eo. eee mete en ter nti eee 1, 270. 00 
12, 290. 28 
Literary and scientifie exchanges ...........----------- 3, 310. 49 
Inerease; Of fund = eee er Spline Sa sae See Dae Se 200, 000. 00 
Total expenditures (including $200,000 deposited in the 
U.S. Treasury October 22, 1891, to the credit of the 
permanent fund)* 9255 A255 S56. «ete Ses eons eee eee eee $239, 642. 37 
Balance unexpended June dO; 1S92R. sare ct ea ene eee 47, 875. 33 


The cash received from sales of publications, repayments for freights, 
ete., is to be credited on items of expenditures as follows: 


Rostare-and telegraph: oc. < th aa ee eee eee eee ee ee $2. 02 
ASTRO NG A ope ise Senor Fe oo= soem ees Gas ces Haase oe oa Sas oace Shc coe ox 4, 25 
General printing <= - cis -<- oss ie ee Seah oe See ae ee 2.10 
incidentals 2: Sie 226 OS 2. ee es eee ee 3.57 
Smithsoniark contribuvions sce aeose ee ee ees oe en eee $126. 41 
Miscellaneous :colleGtionss. c-..0c 2 sas 4h ee ee 196.18 
IREPOLUS He < nome ak aA lelaie ania. oe Sale ets iol ee Ine eee oe eee 55. 65 
378. 24 
PS PAL QOS, shee ae «Rterae cake Sone Rn ie ae ee 4.00 
NYE SOU ea a Se ne a ES en as ne eee I ee 8390. 00 
PRES GarGhes sak onion Lee tee aie he oe tees a ee ge 120. 86 
UR CHANG OS 2's Sac Sheers aes scons = ealees sale 6 Sa Ue oe ~ 2,139.19 
(Total... ...2.5 So Sees oe he ee eee ha ee 2, 974. 23 


The net expenditures of the Institution for the year ending June 30, 


Q@Q90 rAd Ae Pes eny ey 26 . 
1892, was therefore $236,688.14, or $2,974.23 less than the gross ex- 


penditures, $239,642.37, above given. From the net expenditures, 
$236,688.14, there should be deducted 8200 ,000, the amount deposited 
in the U.S. Treasury to the credit of the permanent fund, making the 


-*In addition to the above $16,276.85 paid for salaries under general expenses, 
$4,874.44 were paid for services, viz: $236.34 from apparatus account, $1,500 from 


building account, $306.28 from library account, $1,431.90 from researches account, 
and $1,399.92 from Smithsonian contributions account. 
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net expenditures for the expenses and operations of the Institution 
for the year ending June 30, 1892, $36,688.14. 

All moneys received by the Smithsonian Institution from interest, 
sales, refunding of moneys temporarily advanced, or otherwise are de- 
posited with the Treasurer of the United States to the credit of the 
Secretary of the Institution, and all payments are made by his checks 


on the Treasurer of the United 


States. 


Your committee also presents the following statements in regard to 
appropriations and expenditures for objects intrusted by Congress to 


the care of the Smithsonian Ins 


titution : 


INTERNATIONAL EXCHANGES. 


Receipts. 


Appropriation by Congress for the fiscal year ending June 30, 1892, ‘for 
expenses of the system of international exchanges between the United 
States and foreign countries, under the direction of the Smithsonian 
Institution, including salaries or compensation of all necessary em- 


ployés” (sundry civil act, March 3, 


1891) 


Expenditures from July 1, 1891, to June 30, 1892. 


Salaries or compensation: * 


1 curator, 3 months, at $208.33, $624.99; 9 months, at $225, 


$17, 000. 00 


SOR eaters ne aero ain Ee oP Oe oN ta Ioan ae aia tek Helos 2 $2, 649. 99 
TR CHOT cm bO RI ON UNS ubseeG Ok eee ae ie ote Se ae Momeni eis Se 1, 920. 00 
Ulex kewl mM OMUU SCAU plas sana el ote ee ore See resin ee 1, 440. 00 
NGCloris ean ONLNS eat POO mwa oa = enone ee asset Veena = 1, 020. 00 
ARCLET es OMMONUS, cub POO vam > serene fei ei ctelarn ates tiem crete 960. 00 
HRCVEL Lowi opINONUNS: Mabe plOm aaa = see oe ate Sosa a SSeS tee ee 900. 00 
AReloricg MONS cab iO sees soe esa.) 2ee ees E 900. 00 
aeclerkesOAMOmEn San pOnes ee asain e eet a ee Be ee 780. 00 
Istenographer, 12 months, ati $45. ._-.. 2.222.222 eee. --s- 540. 00 
1 clerk, 7 months, at $45, $315 
‘ , : NIV Be One Maes See eR As reser. 515. 00 
1 copyist, 5 months, at $40, $200 § 
1 copyist, 8 days, at $40, $10.32; 11 months, at $40, $440 _.. 450. 32 
lepAckKeLw JMNON bis watts 10, Noses Eee eta ence ae 900. 00 
PAC NOTA MMOMtNS tab POOL Asai sre ter seis setts no Se eh 600. 00 
Bepacker so days, sabe O02 tas sees Seon ees 6 25 aslo c= ee 4. 50 
Ie APOLer pormoONb NS sabia 0 ee spot sane eS ae es ee 250. 00 
Mela DOLOL eM OMbNS wabr Poors se eaile acces ioe Je ck ceca Sata 245. 00 
Movalisalaries Or COMPeNSAblON: sce o.-= 225-22 h- asc e ee anes ets tee 14, 074. 81 
General expenses: 
ISi@tiel Miesete, wea oas8 Son See eee BRA Cee ee ee aee joceaca ae sac $1, 772. OL 
PACS Gh DOGS Ss abea sae Cae ae eee Cone, ea be See a meee 563. 05 
TPreriau nares yal by ears MOY Ne = Ae eee See ieee mciel Ah nee eee ae 103. 00 
JPOMGIRO: Sale ae SSD eee a BORO eens SOs aee ene ene eee 164, 17 
j anc DW ere na Aa RBaic 6 ERG Ae eee 322. 96 
Stationery and supplies 2,995. 19 
Total expenditures for international exchanges.--.....-.-------. - 17, 000. 00 


*Notr.—The payments of salaries for parts of months in January, March, July, 
August, October, and December are made on the basis of 31 days, and for the other 


months (except February) at 30 days. 
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NORTH AMERICAN ETHNOLOGY. 
Appropriation by Congress for the fiscal year ending June 30, 1892, “for 


continuing ethnological researches among the American Indians under 
the direction of the Smithsonian Institution, including salaries or com- 


x =o ea 


pensation of all necessary employés” sundry civil act, March 3, 1891 -. $50, 000. 00 


Balance July 1, 1891, as per last annual report...-..-------------- wees 


U Wr Ra Se PRE art Reeser pers aie Rare RS eae A Rte 
The actual conduct of these investigations has been continued by the 
Secretary in the hands of Maj. J. W. Powell, Director of the U. S. Geo- 
logical Survey. 5 
Expenditures July 1, 1891, to June 30, 1892. 


Salaries or compensation : 


12, 774. 24 


62, 774. 24 


1 ethnologist, at $3,000 per annum, 11 months........-.---- $2. 750. 00 
1 ethnologist, at $3,000 per annum. ..-.>.....-....--.. 21.2. 3, 000. 00 
2 ethnologists, at $2,400 per annum ...... 2...-.-..--.-...-: 4, 800. 00 
1 ethnologist, at $2,000 per annum..._..------..-.-..-.--.. 1, 999. 92 
1 ethnologist, at $1,800 per annum. --_...-..--.---.---.--:- 1, 800. 00 
1 archeologist, at $2,600 per annum-...-....---.-...-.-...- 2, 599. 92 
1 assistant archeologist, at $1,200 per annum ....-....----- 1, 200. 00 
1 assistant archeologist, at $1,500 per annum -..- -- eee Nizam 1, 500. 00 
1 assistant ethnologist, at $1,800 per annum, 1 month -...-. 150. 00 
1 assistant ethnologist, at $1,800 per annum, 2 months ----- 300. 00 
1 assistant ethnologist, at $1,600 per annum, 10 months .--- 1, 333.30 
1 assistant ethnologist, at $1,800 per annum, 5 months -..-. 750. 00 
1 assistant ethnologist, at $1,400 per annum, 9 months -.-.. 1, 049. 94 
1 assistant ethnologist, at $1,200 per annum, 11 months --.. 1,100.00 
1 assistant ethnologist, at $900 per annum -......--..-.__-- 900. 00 
1 assistant ethnologist, at $900 per annum, 2 months and 15 

Gays. wear. . SS asses SS ee ea eee ee 187. 50 
1 assistant ethnologist, at $600 per annum, 2 months and 7} 

Gay Soc ee se ciate ee oe ee a Oe re 115. 00 
1 stenographer, at $1,500 per annum -..__-...-----.-.-. 1... 1, 500. 00 
I clerk; at $1,200per annum, ti monthse=.2232 2-2 ee 1, 100. 00 
Helerkeabi $l; 200 sper xannin se es ee ee 1, 200. 00 
2 elorkswatit(20 per cannum en secs ae Se ae ee 1, 440. 00 
i copyist, at SL 000-per annumsse. sank ee ie een ee 999. 96 
i copyistsat.$340 per annum ee: ee = eee ee ee 840. 00 
1 copyist, at $600 per annum, 1 month..._--....22-.2--..- 50. 00. 
Iemodeller-at.$7120isperannumy. ot. 5 a ee ene 720, 00 
1 modeller, at $720 per annum, 5 months and 21 days..----- 340. 65 
1 messenger, at $600 per annum, 9 months _....._......--.. 450. 00 
1 messenger, at $600 per annum, 2 months and 23 days -.--- 138. 33 
1 laborer, at $600 per annum, 7 months .-.............----- 350. 00 
1 laborer, at $600 per annum, 5 months and 28 days ....---- 295. 16 
Unclassified or special jobs, ete..............-.. ee 1, 600. 65 

Total salaries or compensation ...._.:.............-----. 36, 560. 33 

Miscellaneous: 

re vellige GX PONS6S -~ 2)... er wee eee eee ee $3, 660, 05 
SPE eUTES TOTO UL ON Meta oats. < are ec s cicege e e 963. 69 
iGO SO SISUONCOle: soso n ce Sk oe ern eee ee 719. 20 


RTCA Gsc pels OSiset <<a. aoe eee eee ee 1, 675, 25 


Expended 


See Luo rage LGR aa cy re ea oe a ae 


THE EXECUTIVE COMMITT 


NATIONAL MUSEUM. 


REPORT OF EE. XXVII 
r Miscellaneous—Continued. 
eid material feo fons, oe ak #166, 19 
LOSK Nal ce ats SO Pe ee) ea i ee 380. 55 
pears Perak tert ees 2 8h 0. Sd a 1, 867. 98 
SE AOLOMCT eaten cae mn ee cere ee he i 80. 38 
E Oe CONTIG a Is ese AS See oc eee ee 138. 25 
Fe CU ONE eee re Ss al Sem hear Sats Ne 566. 63 
OMENS weet tne. ISe ht ice SME et aS 908. 77 
TsMolabery Sap pues. 0. Se Coe So Be ae 27. 80 
LS) SUSE po =e eS Ee Se 51. 11 
$11, 205. 85 
$47, 766. 18 
Beery siceyehd koa ot Uh USA or ara eee ee Rn ee ee 15, 008. 06 
Expenditures re-classified by subject-matter: = 

Siopilanguaperange prebure-wiibin gS oh222 2. os 2. Sh osc sac en eek eee 4, 732. 40 

PX PLOLatiONS; OF MOUNS—.i0- onc e-% o222 Sse s Jae Mis et aoe orate 4, 342. 18 

Iie SEARCHES AMMAN CH Ol OP Varer i aks <n St eo eee ace ae tee 14, 561.15 

Researches, language of North American Indians --..-.....2.2...---- 14, 660. 21 

SUM OSena COLO TSO ITe GUON meee Noe yee e ei oo Sais <= Sa Dei 3, 678. 29 

ilerstra prone MOR LepORis= sect ec 2s 2 Sa ce ee IAL Aa eee a *1, 388. 21 

iencare besmMON Owl ODIOS: oss... owe cee sa = Se Soe was Dee eee Se 2, 560. 20 

Canis OMiuox CASOS ie se emis es cers eal atthe ss ones 1s hs cise as ele cstew be Sets 1, 673. 52 

47, 596. 11 

Bonded railroad accounts settled by Treasury .---:..-.--.------------ 170. 07 

Total expenditures, North American ethnology ......-..-.....---.. 47, 766. 18 

AAUP AAU Oe Lye sl OO 2p cee mem sree Moe haere Spero acu ok Ps ee 15, 008. 06 

Summary. 

Div MeeLool. vance OMe An G an etme, tae aye oe o's ree Sars Fe oe eee ee ei 12) 774. 24 

Approvriation for North American ethnology ....-----.- 50, 000. 00 

62, 774. 24 


47, 766. 18 


15, 008. 04 


PRESERVATION OF COLLECTIONS, JULY 1, 1891, TO JUNE 30, 1892. 


Receipts: 


Appropriation by Congress for the fiscal year ending June 30, 1892, “for 
continuing the preservation, exhibition, and increase of the collec- 
tions from the surveying and exploring expeditions of the Govern- 
ment, and from other sources, including salaries or compensation of all 


necessary employés” (sundry civil act, March 3, 1891) 


Salaries or compensation : 


Hupenditures. 


DIRECTION. 


1 Assistant Secretary of the Smithsonian Institution, in 
charge of U. §. National Museum, 12 months, at---..---- 


$333. 33 


$145,000. 00 


3, 999. 96 
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Salaries or compensatien—Continued. 


SCIENTIFIC STAFF. 


»' 


1 curator, 6 months, at $225; 6 months, at $200.-.-.-.-.-- $2, 550. 00 
1 eurator, 12 months, at $200--.__.. =.=... .~--~------- ---- 2, 400. 00 é 
1 enrator, 12 months, at $200----~--.------- a eee > we 2, 400. 00 - 
1 eurator, 7 months, at $200; 5 months, at $175---------- 2. 275. 60 = 
J curator, 12 months: at $17. - 22 -- <_< = 48 2,100. 00 > 
1 enrater, 12. months. at$i50s6 = = = ee 1, 800. 00 3 
1 eurator, tf months, at $1002-2 2) —-. 1, 100. 00 ~ 
——_ $4. 5.00 
1 acting curator, 6 months, at $140; 6 months, at $125. ~~... .-...~ 1. 590.00 — 
1 assistant curator, 11 months, at $166.66; 1 menth, at . 
ASE Gi oe ee Pee oe en Se ee 2, 014. 92 
1 assistant curator, 12 months, at $140-----......--.---- 1, 680. 00 
1 assistant curator, 12 months, at $133.33-....-. ..-.---- 1, 599. 96 
1 assistant curator, 12 months, at $100-...-.-.-.-..--.--- 1, 200. 00 5 
1 assistant curator, 1 month, at $125; 3months, at $50-- 275. 00 >, 
——S 6, T68.88 
dVassistant, month. a$:$100/-< <<<. =. <5 = t25 a Soe 100. 00 
1 assistant, 1 month and 20 days, at $$5...........-...-- 141. 67 
frassistenk, O.m0nths ab $65. -< so. Se A ee 325. 00 
iL. assistant, 2 months, ai: $65_-. >... . Se 130. 00 
T assistant, 11 months, at $80>.<.-..-...=!-4. 2-2 S80. 00 S 
z ne 
J’aad, 332 months, a6 S100. -- ae" =~ So ee 1, 200. 00 = 
Svaid, d2amauthsat $00. = 2 6 --P oe Serene! Pre: 960. 00 
1 aid, 11 months 35 days, 8&.89293..2.<- $2.52... 958. 0G 
i aid, 3 nonghs, ab SBD; 222. = ee a ee 240. 00 f 
teaid, 12 months; ab $602 < <-> = 8. eee 720. 00 
t-aid2s months ab Goes 6 ees. 2s oe ee 400. 00 
1 aid, 10 months at $60; 1 month, at $40. -_-_._.__...__.. 640. 00 
d-aid; 2 months a6: $502 S22 es eee 100. 00 S SS 
1.aid 12 months. ati HMO. ¢ 4 ie ee eee 480. 00 S 
1 aid, 4 months, at $6; 1 month, at 44.50: Tmonths, atSi0 508.50 
6, 206. 80 
1 special agent, 29 days, ab $6.22 -.~ [22 ee ee 174.00 
f ‘callector; 9 menths: af $1405 22 ee eee 1, 260. 00 
4 collector, S months, ab $50. 22 << 2-33. a ee eee 450. 00 
1, 710. 00 
CLERICAL STAFF. 
ehief clerk; 12 months, ab S187. 50— ©... =.= ee 2, 250. 00 
corresponding clerk, 12 months, at $175............2... 2,100.00 
registrar, 12 months, at $158.33..................-.-.: - 1,899.96 
1 disbursing clerk, 12 months, at $100..............._..- 1, 200. 00 
‘1 assistant librarian, 12 months, at $100__.__..____._._.. 1, 200. 00 
1 stenographer, 11 months, at $60; 1 month, at $85.____-. 745. 00 
1 draftsman, 7 months, 15 days, at $83.33_._.._..___..__.- 0. 41 
1 assistant draftsman, 5 months, at $£0... 2.22... 2... 200. 00 
i elerk, 13. months, 26° $125..- Sse. = ee 1,500. 00 
1 elerk, 4 months and 15 days, at $125... ......... 2. 2... 665. 32 
1clerk, 12-months, ab.$115 - ..2- ow. eee 1, 380. 00 
dcelerk, 12 months, at $115 _......-_....._.. ee 
1 -clerk, 12: months, at $100 _.....c 22 a eee Pies 
1 clerk, 12 months, at $100 - 2222.2 2 eee L 200.00 


REPORT OF THE EXECUTIVE COMMITTEE. 


Salaries or compensation—Continued. 


Ie clonksalarmon ths; at-$90)-cs50.c2 oat Sony esl. $1, 080. 00 
igclerkestaumonuns. ab, t8ouse. = —9 225-5262 ease Sue oe 999. 96 
dFoleri i Gamontlis 15) days. at $80. . 25:22... 2.5. eo. oe. 520. 00 
PECLON KS SZ NOMUNS, Biblo-s. + hc. a2 ake wpos ec od 900. 00 
L-elerk, 12 months, at $70... ....-..- 29 aS Gas ae ee a 840. 00 
MOlORLA BEA NIGUbHS. at HOO. a2 8 Sos ae Oe ea 720. 00 
Melerk ql anonths 24 days, at P60s.... = 22-2 22. ~. 706. 45 
clerk wiemonths | days atz$60'-s.._-.-. 2222. 5205 661. 94 
clovkemamMmonunsy huipo0 ee en 202 e Ao aces 8 loc ease 720. 00 
MGLOL eral INONNS, sAtoOOsee os 46 See Ss eee coe pone 720. 00 
UeGloriseeinmOnthssrat G00) os 02 ne ene ne ae cae 660. 00 
HECLeDma MOM UN Ss GixtOo seas ens 5. 8 eee. See bese 660. 00 
Meclerkephs MORES, alone. owen ek Ae ee oe 660. 00 
elon ken amOmbhs PabiGop eee 2 ha Bee ee Se) 2 od er ais 660. 00 
MeGloris- LOAM OMunS eabihoD. oes Ae ee es) <2 Sete esc Se 660. 00 
TST ES 3 BA OVS Te BY Sg 0) ee 600. 00 
aclorikesiccmonbhenatnno spy ot ep ee so oe eee So 600. 00 
Le clorkeshiEmonuns i Gays ab pa0e—2  sesses 5. See eke kss 561. 29 
ieleorkwounontnso days. ab So0t. 2292 2 cota. Sere Le 165. 00 
Mme opyistzs oaMONtNS aw Goo ea A So oe koh ae oak e2- = 660;00 
copyisielawonths wat pol 26S se oe oicaas- 22s c55 3 600. 00 
1 copyist, 12 months, at $50-.-....-.-.-.----. Sed ane 600. 00 
ikeopyist. f2-MOnehs, 2bi$50: -2.- 2 asec ee one eee Sewn ess 600. 00 
COD VASheoINONDRS, alto) ele ete a ees see As Scie oie, 150. 00 
1 copyist, 8 months 15 days, at $45-...-.......--..-...---- 381,77 
RECO VANPE La NON UaS appears ee ek eS 2 et ce ns 480. 00 
imcopyishels months; iat S40N eo. fs Sees s eae sees 480. 00 
HECOPVAsb elo MONUNS ab p40) - ee ane ae eww iste ne wes 480. 00 
ecopyacnLommon ths abit4 Oia 2 te nos oot an Seas we ee 5 480. 00 
Hecopyish. wi omontls sat: G40 Mos eaas eile ec sees nase 480. 00 
Mcopyish el 2smonvhs, al: Powe: oc were we ean alse os oso 420. 00 
1 copyist, 3 months 16 days, at $35 ..............-2-----+- 123. 06 
ikcopyist oloLMOnbnS, (Ali boo. 22 ee ---- 55. --5-8 20s eee 420. 00 
HeCOpM ISU MO MONS ati S30 else) 2h. Seeks yo cob echee 180. 00 
scopy isueal months at S30 ee oee. gone cece lese bee 360. 00 
lecopyisupiar months, 2b:$30) 9. . .2- hes 228 3. ose ener ae = 360. 00 
drcopyist, 56 days, at $1.50 perday .2...--22--.-------.--- 84. 00 
ity peawriter, 12 months, aygo0. 2. <.\-2. 22.22). -2-- 52 -ns.--- 600. 00 
PREPARATORS. 

1 preparator, 10 months, at $100 ....-.--.--.-.---.-.------ 1, 000. 00 
1 preparator, 12 months, at $80 - 960. 00 
1 preparator, 12 months, at $60. Bae a2 720. 00 
1 preparator, 6 months, at $60, $360; 30 Shs at $60 per 

month, $58.06; 284 days, at $60 per month, $58.97; 30 

Ca ysabsOOMper In ONbD  poS, OO eta etsr =m ae et <1 535. 00 
MepLeparavory nl MOMbh = oe <p eee ate a= aie 75. 00 
1 preparator, 24 days, ab $3, 20 Sob BEES BASE eee aE oe ose 76. 80 
igoimbish yn lmmOnu ns, ab) ClO eee peayaialac ce nnlaye'sic lores Sas a= 1, 320, 00 
1 photographer, 9 months, at $158.33, $1,424.97; 15 days, 

at $158.33 per mouth, tae 16 days, at $158.33 per 

month, $oli02 ---=--- = + SORE ACB ODODE ECBO CEES cD ee) 
1 taxidermist, 12 ie oatisn a $60 ee i en Ot er Sheik = 2 720. 00 


Miaxidermish, 12 months, atepl25 22.2.2 sees 2 -- eee 


1, 500, 00 


XXIX 


$38, 580. 16 


hab) 
i 


m == z ‘st a9 
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Salaries or compensation—Continued. 
1 taxidermist, 12 months, at $120 ....---.---.------------- $1, 440. 00 
1 taxidermist, 1 month, $80; 2, 280 hours, at 45 cents ------ 1, 106. 00 
1 assistant taxidermist, 19 days, at $60 per month. ----.--- Loni 
——— $11, 072.96 


BUILDINGS AND LABOR. 


1 superintendent, 12 months, at $137, 50..-----..---------- 1, 650. 00 
1 assistant superintendent, 12 months, at $90 _...--.------ 1,080. 00 
1 chiefiof watch, 12 months, at $65! -------- =.) ---- 222 =- 780. 00 
d-chief ofwateh, 12imonths, ab: $6525 2222 eee 780. 00 
THCHICH Ob wavchy (anonbhS. Abi CGo eee ere ene 450. 00 
Ae watchman s Lo emMOM bs) abi pO) ere eee ee eee 780. 00 
AZ wauchmeny 12 months ab Cope eee fete ee nnn teers 7, 200. 00 


1 watchman, 9 months, at $50, $450; 29 days, at $50 per 
month, $48.33; 29 days, at $50 per month, $48.34; 30 
days, ab $50 per month) $48.39 2°..-2.-2=7-- 2. == 


1 watchman, 3 months 26 days, at $50 ..--...----..--.---- 191. 94 
1 watchman, 9 months 24 days, at $45 2........._--..-.--- 441. 00 
1 watchman, 8 months 17 days, at $45 ..-_.....--..------- 384. 68 
liwatchmaans 3 DOMES kat Rhee een ee tel eee eee 135. 00 
1 watchman, 10 months 29 days, at $45 .......-...-----.-- 492. 10 
1 watchman, 10 mouths, at $45, $450; 30 days, at #45 per 

month, $43.55; 30 days, at $45 per month, $43.55 ..._..- 537. 10 
iskilledvaboren, 2 months ma Go2 vases an ee er eee 624. 00 


Lskilleddaborer, 12 months, ab $o0e 2.222 ee ae eee eee 
1 skilled laborer, 1 month 16 days, at $50 -...-.......---.- 75. 81 
1 skilled laborer, 19 days, at $45 per month .._.----- 2s 27.58 
iskilleddaborer. (27 days, atid ss ee ee 54. 00 
iiskilledMaborer: 21 days cat Sie DO Pee ee ee eee es 31.50 
1 laborer, 8 months, at $46; 3 months, at $47.50; 1 month, 

at $44. 50 


BigeG ea aoe o SteyoRing hog phos oe ee ee 555. 00 
1 laborer, 2 months, at $51; 1 month, at $52.50; 1 month, 

at $49.50; 5 months, at $45; 3 months, at $48.._......... 573. 00 
1 laborer, 4 days, at $1.29; 39 days, at $1.25; 240 days, at 

CN) DU RRE Be aeeates okoSGd casues she are Sarason coadcesete cc 413. 91 
1 laborer, 10 months, at $40; 1 month, at $43; 1 month, at 

P41 50% So sek Se ete setae eee ee yee OS Oo SeSe SESS ae 484.50 
Hlaborer, el 2cmmoniblas caub ihe Ole ser aay ee 480. 00 
telaborer,. 2 month erat tps Oe era ete eee ne 480. 00 
laborer. months sa bit4 Qi) see ne ee eee 480. 00 
iiaborer, T2anonbhs a t.$40 eee ees. Seen ee 480. 00 
laborer, 19 days, at.$40 per month —-2=-~ 22222 ee ee 24,52 
labore tees I Sad anys abel tee arets ee eee neces eee a 447, 00 
laborer, S0da days at: Ol. 50 yae= ene ee a eee 455. 25 
Ilaborex, OL days, atigleje (aera ee ae ee ne ee 76.50 
islaborer, 281 days, atti bi. seers sae 421.50 
iilaborers: 297 days ateplibOwss-o.: eee. oe en ar 445.50 
IMlgborer,. 287s days, atigl-o0) see. 5s sees. ee 431. 25 
iJaborer, 1i:days).at $L505. eee ee 16.50 
laborer, 32 days at ol 502-2 -- ee eee ae ee 48. 00 
Plaborer. (8 days at. Glee joe eee eee. a 117. 00 
iMaborer, 321 days;-atiGl. 50 225s eee oo 481, 50 
itaborerno2 dayswatiel.b0c. ce... set eee. 48, 00 


i laborer, 305% days,-ob $1.50... 2.5. eee. es oe 460. 38 
ilaborerjei14 days, ati@1.50 ...- se-cveuneen.: oes 171, 00 


gS lee ene . es - 
ee eS 
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- Salaries or compensation—Continued. 
$ dalaborerro2d days, atol.50c. 2525 cee Soot ck oe elms $536. 25 
3 HMA OreL woo meas, aipll, OO. es ie Oe A. oss ee Soe 490. 50 
L Mela honere Zea Cavey ob. elo 0macc-eee sane in eee kc ee 424, 50 
~ —- L laborer, 152 days, at $1.50 PE Sete e Seer ke Ss Sapa a 228. 00 
{ PISINDOKeneavo-Meys, ab piroUl 225 ee oe fe 447. 00 
: Ua hORerwdo CayvanatGl.DOQle. 2. ec aoe ole ee eee 19. 50 
. PR OroNsGor Ways, cuit OOM eee oS ano eS Se 97.50 
Paborer,4 i months 28 days, at$1.50  .2:..2.0:.<..2-.<- 5. 476. 13 
ASA DOTEL PAUL Cay Sabb OU Ske. ok ora ee es See ee 483. 75 
: BRIVIANORCE oO Ua pag OLOUt <2 <0he cen Wale ek oe ee oe cowie 7.50 
SENSE PASSE Fa 3) A 30. 00 
1 laborer, 2 months, at $20; 24 days, at $1 -...-....5...... 64. 00 
1 attendant, 10 months, at $40, $400; 30 days, at $40 per 
month, $38.71; 30 days, at $40 per month, $38.71 ......-- 477. 42 = 
1 attendant, 10 months, at $40, $400; 28 days, at $40 per 
month, $37.33; 29 days, at $40 per month, $38.67_...._.- 476. 00 
1 cleaner, 9 months, at $30, $270; 30 days, at $30 per month, 
29.03; 29} days, at $30 per month, $29.48; 304 days, at $30 
PEGNHOMB Uh Oke ee Foc calc Amen nesa esata LOOS.0d 
iweleaner, J2;months, ab $30... 2. 2. 2.2 - 360. 00 
1cleaner, 10months, at $30, $300; 304 ae at $30 pe per ean 
$29:52 30 days, at $30 per month, $29.03.-...........--- 358. 55 
eloameted 2 MONbNS ab eoU sss. os setae ae Ko ewes 360. 00 
HeCloAne re olan ale ply A ens on emt n ee Jos Ae Hae Ss 314. 00 
HECIOAMOR OLA Cans ey pil tact Serio eas os eis ne see ae ss 314. 00 
messencer lo mon vheeat S45 2. eos. - Sete os cee cee 540. 00 
1 messenger, 6 months, at $45; 6 months, at $50......-..-..- 570. 00 
1 messenger, 12 te ate ree see sees es 00) 00 
1 messenger, 11 months, at $30; 1 month, ae $31, 50s. Sas6 See 361. 50 
iemessencer,-6-momihs, ab pI. 2 s-s- eseesee sce h cece. 150. 00 
iemessongver la months, aiieSI0. = 2.8 22 ec cc. ae So sis 20 a 240. 00 
1 messenger, 11 months 26 days, at $20.........--.--..---. 286. 77 
1 messenger, 8 months, at $25, $200; 26 days, at $25 per 
month, $20.16; 20 days, at $25 per month, $16.67... .-...- 236. 83 
HEIMEGSOMMOL , OMINOUS) ab Plots cls cca - cisis Sale =icinle.cto sas, 88. 55 
2 —_—— 433, 606. 36 
SpeciaicsenvicesbynjOb OL COMbLACh <2) 2202 e= 2 eno isa see ace 2, 839. 64 
MOUMEB CIN ACCS etsy. see nie He see ee aan yeh Soli ado 4 sews ¥ 122, 751. 43 
Summary—Preservation of collections, 1892. 
lero een — ace Gee won Dadieae Sen eee a ee ee $3, 999. 96 
SONOLTNO GUAT. Seon Shee So one ce ode BOO e os Ea een BCcbeis eee ress 82, 652. 35 
(Chavon Sieit. ano ae Oe BAS Bone oer SEn Epa oon a aes por erEone Sears 38, 580. 16 
ereparavenseer arse ae today ae SB Recta Apnea A ae eet 11, 072. 98 
Peron chia Oc Nay OLS area siete eciaym tote ha ct ies meme = 2 33, 606. 36 
Special or COMET AGIA WOLKE hess eer eed foe eee nays ee eel 2, 839. 64 
onalisalaries Ol-COMpensaulona sie. sce sen eto ce seinen ee - 122, 751. 43 
Miscellaneous: 
SiO OUIOS shes ber cpobee ERP One O05 nectar aaa erg $2, 038. 76 
PS MOMMY tet estan ele = rel nisl ainigielai l= i= =) late own nS toinln o2 wy 842. 79 
SIC CIIMLCITS ie ete a ier orat= = op as clei ase eo els afaimpn osname ye = 22 oo 2 6, 340, 12 
Books and-periodicals......<.....:....- AAS ASANO 453, 00 
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Miscellaneous—Continued. 


SRN Bractees SoH Sen oS see Sabo coe sea ood’ stad en eee eee $1, 574. 81 
Freight and cartage .---...----------+-----+ ++ -err eee ee 2, 180. 95 
—-_—— $13, 430. 43 


Total expenditure to June 30, 1892, for preservation of collections, 
EC is Cone eee Ree eran ate aE an pct secu Ass bndaGds Loe 136, 181. 86 


Balance July 1, 1892, to meet outstanding liabilities -..-...---.--- 8, 818. 14 


National Museum—Furniture and fixtures, July 1, 1891, to June 30, 1892. 
RECEIPTS. 


Appropriation by Congress for the fiscal year ending June 30, 1892, ‘ for 
cases, furniture, fixtures, and appliances required for the exhibition 
and safe-keeping of the collections of the National Museum, includ- 
ing salaries or compensation of all necessary employés” (sundry civil 


Noh WEIKON 3) ACE) Saas mORGotrasasaoodEaans ooo ocodquaeoRaeTanboss $25, 000. 00 
EXPENDITURES. 
Salaries or compensation: 
1 engineer of property, 9 months, at $175 --.. 2... sceseeeeeaee $1, 575. 00 
ICA Hore Ke I PEG ish Phptiine Shee 5655 Goss adnouu acceso caaaased else 381. 00 
iscarpenter, 29920 ays) ab: Go a= a1 eae Sere ielae einen eee eee ere 899. 25 
Icarpenter, 308; days, av G3. sease ens scree sere eee emptor 925. 50 
Iearpenter,-296 days; at'$3. - 62 sass ewe cine aoe Se eee 888. 00 
TNCATPONLE Ls al 5: GC AiV'8 Above ane ap <a raren= ensteere asTor= arate ae 39. 00 
Wearpenter, 58 days, ab $3 sie cco ee ee ee ee eee 174. 00 
earpenter, LQ months) -abl eo Wao ate eee ee eee 910, 00 
lcarpenter, 30M days. at Goo eect et senile te heltere = ere eee 903. 00 
carpenter, Wa days val Goes seen ete e se eee nee eee 42.00 
diskilled laborer, 314 days, abit? ces. o- cman eee oe eee 628. 00 
iskilledslaborer, diss day s,cati 2a e eae eee lr eee eee 637. 00 
1 skilled laborer, 1 month 193 days, at $50 ...+.....-....--...-.-.-- 81. 45 
iekiled laborer 19 days; at $o0s oss aoe tee ee ere 30, 65 
skilled Vaborery114 im onthsss aii So Oss eee cye eee 575. 00 
Iskilled laborers 275) dary sya bibl ses eee Sere eee rte ee 550. 00 
skilled laborers 315 days, sat sllatoeee seca eee ee eee 551. 25 
iscabinet-maker, 3l4/days sab. G3. cts aera eee ee eee ee 942. 00 
i painter, o;months, atie65jo5s2- thee en oa ee eee eee 780. 00 
iistorekeeper, I2amonths, vat G7 eee ere eee eer 840. 00 
1 property clerk, 12 months, at $90 per month...................-- 1, 080. 00 
1 laborer, 8} months, at $40 per month................--. $340. 00 
1 laborer, 19 days, at $40 per month. ....-....-...22..2.. 26. 21 
1 laborer, 1 month, at $46 per month.............-2....... 46, 00 
1 laborer, 1 month, at $41.50 per month....-..........-.- 41.50 
453. 71 
13, 885. 81 
Special or ‘contract services .csee-- seen eee ee eee 87. 96 
Total expenditures for salaries or compensation.......-..---- 13, 973. 77 
Miscellaneous, materials, etc. : 
WH UGONY CAa868. 2. 25 =< aoe eee eee ele $350. 00 
Drawinosstor Cases. i... 0. 2 ok eee 15. 00 
Drawers; ttays; boxes! /5:.-2 20:0... cles ee ee. oe 543, 72 
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Miscellaneous, materials, ete.—Continued. 

(CURIS Ch Bias Seats ere, Se es he eg ee $281. 75 
LEE RU Ny aC Go. sn eos cry ee on 1, 016. 95 
AiO ete Ake ere reece ce aos, 45.59 
Cini OUON Re Deserta rer fe Sa ee RS At el 63. 05 
(STRESSES Sa RE ree Sat aa ee ene ee oe Eanes 1, 062. 97 
emi Obsete eee eaa oa er Saree iS gees eee 1, 660. 21 
LEGHTLER TS. FOMELS oY aLA (St OCG peec Sree eg me ee 499. 70 
MGer TEN TOUTE: aeeeee mre ee fe ean ee ee 765. 00 
LUIGI S SS Gaee basa oGe oo ae ee ae ae eae 367. 14 
Kap persan (eles unele eae cases goes ee = hg ee en eed 122, 28 
is\j OR CEU TN A EVS) ep I Be a ee 129. 00 
PREAOURS 2st a oer ee eyed a 2. 00 
LPRUDEON CUES 2 9 eg aR 2 Se iatse a a 632. 00 

——— __ $7, 725. 86 


Total expenditure July 1, 1891, to June 30, 1892, for furniture 


RIMMEL RTE SEOUL Er tei Se ae cys Aen ote Soca Solerc: siayaiz ior Se Scie Slane 21, 699. 63 
Balance July 1, 1892, to meet outstanding liabilities-......_. 3, 300. 37 


Heating, lighting, electric, and telephonic service, July 1, 1891, to June 30, 1892. 
RECEIPTS. 


Appropriation by Congress for the fiscal year ending 30th June, 1892, 

“for expenses of heating, lighting, electrical, telegraphic, and tele- 

phonic servace-tor the National Museum’... 2... 2... .e.22s-- osc - +28 $12, 000. 00 
“For removing old boilers under Museum hall] in Smithsonian building, 

replacing them with new ones, and for necessary alterations and con- 

nections of steam-heating apparatus and for covering pipes with fire- 


proof material” (sundry civil act, March 3, 1891)....--.......-.-..---- 3, 000. 00 
15, 000. 00 


EXPENDITURES. 
Salaries or compensation : 
irenomecrs |? months, ab Pll oe 2. eS antec ewe se elen es $1, 380, 00 
1 fireman, 6 months, at $50 per month, $300; 
304 days, at $50 per month, $49.18; 193 days, 
at $50 per month, $31.45; 28 days, at $50 per 
month, $48.27; 9 days, at $50 per month, $15. $445, 91 


1 fireman, 12 months, at $50...........---..-.- 600. 00 
1 fireman, 12 months, at $50..........-.--.--.-- 600. 00 
1 fireman, 11 months and 9 days, at $50........ 564. 52 

—— 2,208.43 
1 telephone clerk, 12 months, at $60.....-...-- 720. 00 ! 1. 140. 00 
1 telephone clerk, 12 months, at $35. ....-.---- 420.005 ” 
1 laborer; 327 days,-at- $1.50 per day. ...----------------- 490. 50 
Special SeWVACO =. oo see oe = sn oe sie ne oe 20. 00 

Expenditures for salaries or compensation....-..---.--+----------- 5, 238. 93 
General expenses: 

‘Clann DING WCOCINEes ae eo cee ob coe SEU Onnen eae sian $3, 865. 85 
GOR od ode OSPe be RUSE R Oem Bote tog Doce aer Re are rn eae, 1, 360. 51 
THE NNO ES 5 ni 8 Ae ARE Rn co ao: oe ree ae eee 622. 65 
IGOHMOS Oils 88 Baeeedes SoBes 2: Con HOReRetat ne eee sete 37. 00 
Pileetric SUpPllOSe me ..i1-- 44 = cjee- eee ~~ 87. 53 
PRemivaliGh Call DOES — ---o-c ines ene ven yue ssai-vee ere 100, 00 


H. Mis. 114 Il 
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General expenses—Continued, 
Heating repairs. --.~ -.<- .22-0-- 2-0-5 -=-- <22 e-em $329. 00 
Heating supplies... .<.- =<: -2=- -32--+225-=--=-- - == =5--== 433. fe 
New boilers (special appropriation) -.-.--.-------------- 2, 938. 47 


Total expenditures July 1, 1892, to June 30, 1892, for heating, 


lighting; eben 22-5 -a6 se o — sei e  e 
Balance July 1, 1892, to meet outstanding liabilities... .-..---.- 


Postage, July 1, 1891, to June 30, 1892. 
RECEIPTS. 


Appropriation by Congress for the fiseal year ending 30th June, 1892, 
“for postage stamps and foreign postal cards for the National 
Museum” (sundry civil act, March 3, 1891) 


EXPENDITURES. 


City post-oftice for postage and postal cards 
Appropriation all expended July 1, 1892. 


Printing, July 1, 1891, to June 30, 1892. 
RECEIPTs. 


Appropriation by Congress for the fiscal year ending June 

30, 1892, ‘‘for the Smithsonian Institution, for printing 

labels and bianks, and for the ‘Bulletins’ and volumes of 

the ‘ Proceedings’ of the National Museum” (sundry civil 

acta March 3,189 1)" ia. were Se ee oe nee ae et ee $15, 000. 00 
For the Smithsonian Institution, for printing for the use of 

the National Museum (deficiency act, March 3, 1891), not 

OX COCAINE fos Soe Sos os sea se ee ee ee 1, 000. 00 


EXPENDITURES. 


Bullets Nos339 740 v4 a2 ee ee eee $3, 639. 03 
Bulletin, special, No. 1 (in part) --..2._......--- 1, 819. 75 
Bulletin, special, No. 2 Gn part) ...:.--..-.....- 427.95 

5, 886. 73 
Proceedings, Viols 2xt11, XIV, Sy) on ee ee 2, 317. 96 
bxtras from Teports see = eo tae e Se ee 310. 8F 
Liigts, «6b Gz miosis acts ores ne ee 74. 46 
Labels*for Specimens seas=.aae sere aor eee ee eee 2, 023. 66 
Letter heads, memorandum pads, and envelopes ........---- 125, 14 
Blanks... s=.- 5. 22. ee ae ee 360. 05 
RECON SDOOKS. <2 =... So Sc. - ex nance ge 37. 70 
Congressional Records .....25 Se... = 24. 00 


Total expenditure, July 1, 1891, to June 30, 1892, for 
printing, National Museum 


Balance July 1, 1892 


i 7 


$9, 274. 63 


14, 515. 56 


486. 44 


$500. 00 


500. 00 


16, 000. 00 


11, 160,57 


4, 8389. 43 


= 
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Building. 
RECEIPTS. 


Appropriation hy Congress ‘for removing the decayed wooden floors in 
the Museum building, substituting granolithic or artificial stone there- 
for, and for slate for covering trenches containing heating and electric 
apparatus, including all necessary material and iabor, to be immedi- 
SLES CRS US SS eee FS a 3 Ee eS a one $5, 000. 00 


EXPENDITURES. 


From Margh®, 1891, to June 30, 1892... ........ 22222 eee eee eee 4, 474. 64 
Balance July 1, 1892, to meet outstanding liabilities...-.......-. 525. 36 


Duties on Articles Imported for National Museum. = 


Appropriation by Congress ‘‘to meet custom duties on glass, tin, and 
other dutiable articles and supplies imported for the United Siates 


Nai ona laMiIseu MN: Seen eens CS ease Sak eel see eas ee 1, 000. 00 
Paid direct by Treasury Department: 
Waiby gone LASS eee eee cng Se ee ee Se hoses is See ee $642. 75 
Dariygonr olass-tOpe DOXEScs Annee s a mee cee wee 2 ce Semis Soe meta 
TIDGMES OE ft Sa pe ee ee a ay 291. 75 


941. 75 


ala COg) tal vel 1 OO ome ees eee ee ie Pra COS none ae cio See 58. 25 


Preservation of Collections, 1890, 


Balance July 1, 1891, as per last annual report..-......-.---.--.- 14. 92 
Expenditures from July 1, 1891, to June 30, 1892, freight............-- 14. 40 
laced Wl varleed SOS execs arts cle ae eee ie ay Sonia wee 2 a hx pie Siete 52 


Preservation of Collections, 1891, 


Balance July 1, 1891, as per last annual report....-..-....-...... (oeltht), Si) 
Expenditures from July 1, 1891, to June 30, 1892: 
Salaries or compensation: 


1 assistant, 1 month, at $80....-..-..-....--... $80. 00 
assistant, month) ati$6b5- 2502. -2a---s-=- 65. 00 
ie clerk 2omOs Abi S00 2) acces, ces nace é js 22 120. 00 
— $265. 00 
Specialormconerach WOM «220 22 = 22). cio a oasis ose = 224. 93 
489, 93 
SMP OINCS 0 Spee OS dS SSE AS GUTS Bere ene ae ree ee 1, 079. 37 
Ci NOG Oy 222) Gon a Bes Aarne co ear aea Se scene ea oSne 422, 54. 
ShnGOWINGINS «, ba GES ee oc denen Os oe S Pee aman Sa areer Jee 4,191.51 
IRGGRS oSSs44 0de5 aad sa Se Saas Ban San Oona Es Store aay eee 768. 15 
RAN Rell Soe LO seen eS ot noe Se node Sons nese is JSC aa eee 273. 04 
Tore a5 Saco Ser Os 5 SOON oe FS pea COO eee ae ae 465, 95 
Hxap CMU CLUE UIE NU Ons) LILO ce) ()) ic Jeeta ietetetelere aecle nie ein) 7, 690. 49 
289. 50 
Cre pyadisallowaneo ony statlonety=—.- 22-2 24-25-2-----2------- ---- 2.08 


Tmalsvvaes diility IW Tee 28 Soe ee oe eee See SCO Ssh. eames 291, 58 


XXXVI 


REPORT OF THE EXECUTIVE COMMITTEE. 


0 


Statement of Total Expenditures of the Appropriation for Preservation of Collections, 


1891. - ; 
fr Expenditures. | 
| 
From July 1, | FromJuly 1, 
1890, to dune | 1891, to Jime | PLA! to June 
30, 1891. 30, 1892. zs a 
Jeb Fin OE re ae aie A 
WOT SRIATION ect tee eee Cae cee $117, 300. 52 | $489.93 | $117,790.45 | 
Worssup phess-- eee ee ee 3, 052. 32 | 1, 079. 37 4, 131. 69 
Hortatationery.-- eee ck ee ees 1, 653. 02 | 422, 54 2, 075.56 
Mon Specimens. 2 ee = 0 sae ee 6, 211. 40 4,191.51 10, 402. 91 
Ror trayales takers eee ee 1, 114. 78 273. 04 1,387, 82 | 
MoM ire ht een ece wee 1, 862. 57 465.95 | 2, 323,52 
Hor BOOKA: oe aces one ns aeons 825. 40 768.15 | 1,593. 55 
otal ae eecn te =n aes een ce 132, 020. 01 7,690.49 | 139,710. 50 
ee enters ares EM at: 7, 979.99 289. 50 | 289.50 | 
0 esa OUR a aor sae a niciae Hes ego) ea es on dese beeen aoe o/s oot = 2.08 | 
Sa twa's Sacha t feeicnaisiwis aaa 291.58 | 
Furniture and Fixtures, 1890. 
Balance July 1, 1891, as perlast annual report. . 2-2 2 22. ee $0. 28 


Carried under the action of Revised Statutes, section 3090, by the Treasury De- 


partment to the credit of the surplus fund, June 30, 1892. 


Furniture and fixtures, 1891, 


Balance July 1, 1891, as per last annual report..-...-..... 


Expenditures from July 1, 1891, to June 30, 1892: 


$3, 690. 54 


Exhibition Cases << < 25225 ee cn ns eae eee eee $1, 118. 00 
Drawers, rays, 6l@ 5222s 5-26 e. oon ne oe 43.50 
Gags’: 5 <2 es cee oe oh ia 397. 91 
Hard wares. 5 ... 2925552 ote te oe ee 212. 42 
OOS s-ccs c2e 5 Seo eee See ee 23. 85 
Gloth, ete. 25. 2. 23222225 5 Sees ees. See ee 4,50 
Glass Jars moms soo eee 728. 76 
Tram ber’ 2-2 0s. eae ba ee 737. 65 
Paints, o1lvand:brushess aso. see. aaa ee eee 52.77 
Office, furnitures 2.2. 2 ee ee Ps, ee 316. 70 
shin lead . 6bC cis. < osc Joe ee ee ee a ee 42.40 
Rubber. coods*.52 52.0 59. 25 a ae ee 11. 88 
‘Travelling expenses: <2: aos=..2 se ee se ee oe eee ; 2. 85- 
Total expenditure 22. 2.2..csesd.7 5 Sees eee Te ee ee 3, 688. 19 


Balance July 1, 1892 


Ae see See ess eS a ee ee eee eee eee ee ee eee ee 


S 
i 


= . 


- 
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Statement of total expenditure of appropriation for furniture and Jictures, 1891, 


fr > 5 year * oe = = ca Aiea aaa, | 
| 1890" to Fone. | 1891 to done | ~ Total to 
30, 1891, 90; 1g02%, (SERS Sh, 1802, 
| SET EROTO SS Se ae Berean nae Be eaeremeress fT sys eo ne eee | $14, 212. 52 
LORS Da biwION GARCS a2 k—-.c-= oe dee ee Ses 1,295.00 | $1,118.00 | 2, 413. 00 
Designs and drawings .......--..----- OT i epee ae 36. 00 
| Drawers, trays, boxes ........-.-.---- 448. 08 | 43. 50 491.58 | 
| Frames, stands, etc....-...3.-:------- BROS OLE eee te | 330.52 | 
CREJ CRS Seles ene ASM eae see | 954.56, 397. 91 1.852547 
PORLALO WANG 2ot eee 55 as et Sey inn = 707.13 | 212. 42 | 919. 55 | 
dat Sir Uk ee ae eee ee Bee 73. 67 | 23.85 | 97. 52 | 
[sloth cotion: ole. 2-2 Suess. ce. <5 108.03 4.50 | 112. 53 
PMASSIATS soeeeicas- She =n ee each te 61, 92 | 723,76 | 785.68 | = 
Jona hor Meee ete Oe he: 2 1, 364. 05 737.65 | 2,101.70 
Paints, oil, and brushes .......--:.--- 565. 40 52.77 | 618.17 | 
| Office furniture ...........-..2:.------ | 588. 22 | 316.70 | 904. 92 | 
Rie Se ee at ee oe 268. 48 42.40 310, 88 | 
WiRabbet poeds = bs. 2 2~2-2Sec+ 0b 2 105. 04 | 11.88 | 116. 92 | 
iron bracketuse n= s.c tean-ccee 87.10 |..2.20---- 0-2 87. 10 
PATO AR RUG er ees a teenies BAC OOM Nera te s ce omer sels 84.50 | 
| "Travelling expenses...--...--.---.--- | 5.00 | 2. 85 | 7. 85 
PPC roe eee Ee Seni Sol: | AA DE Wee . 2At 14, 24 
Deeg oe es Pe OS) oi shoe 8. beste | 24, 997.65 
ores Ae ey he len am | 3,690. 54 2. 36 | 2.35 
= = = = — s —s — = = 3 J 


Heating and lighting, ete., 1890. 


Balance Jalyel.2tcol, as sper last-annual- report... 2-22: = fae. Sse s- eae amis $1. 85 


Carried under the action of Revised Statutes, section 3090, by the Treasury De- 
partment to the credit of the surplus fund, June 30, 1892. 


Heating, lighting, electric, and telephonic service, 1891. 


Balance July, 1891, as per last annual report. ...-....--...-..------.--.:. $842. 34 
Expenditures from July 1, 1891, to June 30, 1892: 
OG RATAN OO We fae a ane are ary eae ieee eae SES Sato = ea oes $46. 20 
CO oe So Fa Se IS gs Ae a Be ee oe et 74. 7d 
{Palen Seehed-- ee aos Gee ence SEL pene cee cn ea reese 200. 25 
TiVo Bice Sire RS ees ee are eRe ae fa ee i A a 2) Vs) 
Te at©: SLy On Mee ses Ac SE ae 3) 
Reni ume tee Cal aN OX On aren = eer nS aay a ares a) Seren epeieccic = Sie 20. 00 
MicatineysuppWMeSa. <-22e- c=. eens ee ie nl en oe = en ea 81.79 
Tha iLeng TaN bn Reeaneo. -o- Shp peonsaeo Oeoee Tepe oceeea ten ae eae 840. 69 


TWalnnvoe el ilhy Gee a 5 AES s Se Sas SRS eS On eae eee Cera ee 1. 65 
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Statement of total expenditure of appropriation for heating, lighting, ete., 


1891, $12,000. 


From July 1,| From July 1, | | Total to 


| 1890, to June | 1891,toJune | ye 30, 1892. 
} 


30, 1891. 30, 1892. 
SaIATiBae ORR Serena Ae ee | $5,084. 91 eS Se $5, 084. 91 
Conl and weeds. 223. 5. ..--2e-ss--en es } 2, 766. 96 $46. 20 2, 813.16 
TRG NS pale ak Soa BRE Belen Stet se, SR ye } 1, 233. 84 74.75 | 1, 308. 59 
| = 2 i es 
Pamelophoves = oct 90.02 eee ae Seer | 604. 40 | 200. 25 804. 65 
} | ce 
Pleswie Wolke so -.-- eae eee } 7.56 | 32. 75 40. 25 
Hlectrie supplies ---..~.=-.----s-=--——= 905. 68 | 384. 95 1, 290. 63 
| Rental of call boxes---.---------------- 100. 00 20. 00 | 120. 00 
| Heating repairs.......-.-.------+---- Eenan tes tee 
Heating sapplies ~o-.- =-. -2-es=- a <== | 
Travelling expenses- -.---<--.<---.-=- | Os Se ieee eee 9.42 
MRGRAN eee <= cone ee ee 11, 157. 66 840.69 11, 998. 35 | 
Balanee.<-....<---5----.- 2+ -.2:.---.- $42. 34 1.65 | 1.65 


Balanced ulyity 160) ook Ces. 23S 2 aie a se ee 


Carried under the action ot Revised Statutes, section 3090, by the Treasury De- 


partment to the credit of the surplus fund, June 30, 1892. 
NATIONAL ZOOLOGICAL PARK. 


Organization, improvement, maintenance. 


RECEIPTS. 
alance July, 1890s. 5.532 ais So awe ao RR Ee oe $23, 441. 84 
EXPENDITURES FROM JULY 1, 1891, TO JUNE 30, 1892. 
Shelter of animals ......-- ane eS eet aan eo ene eee $1, 249. 96 
shelier-barns, Gages, fences, etG_— 222 Ses. ea. sane eee ee 312.73 
ALoicial ponds, ClG. 2.5... 5 25. ee ee ee ee 1, 032. 98 
Water supply, sewerage, ind draiiave: 3 42. 6, 342. 86 
Roads, walks; and bridges =. = 0-4. 9a ee eee 4, 755. 81 
Miseellaneous supplies +. 2-266 -S2o Ske ee 867.53 
Carrent expenses! 22.02 25.0280 22 oe ee ee eee 7, 101. 68 
21, 663. 50 

Balance Jnly 1, 1892+ 2s .522¢ Pen ee se 1, 778. 34 

Statement of the total expenditure of the appropriation for the Zodlogical— Park, act 


of April 30, 1890. 


From April | From July 1 


| 
| 


30, 1890, to | 1891, to June Potaltodune 


June 30,1891 30, 1892. oP 
are | ee ee 
|S Shelter of animals .................-.- | $13, 675,28 $1,249.96 $14,925.21 | 
& Shelter-barns, cages, fences, ete..-..__| 8, G43. 33 312. 73 8.956. 06 | 
Repairs to Holt mansion, ete.......... 2000200 | eee 2, 000. 00 / 
\ ae | : 
| Artificial ponds, etc..--......-........ | 56.16 1, 032. 98 | 1, 089.14 | 
Watersupply, sewerage, and drainage. 657. 14 6,342.86 7. 000. 00 | 
Roads, walks, and bridges... ........- 10, 244.19 4, 755. 81 15. 000. 00 | 
Miscellaneous supplies. --............. 4,132. 47 867.53 5, 000.00 | 
MGurrent Gxpenses ~ = .ose2<¢ 2. ea 29, 149. 62 7, 101. 63 36, 251.25 
! 


Re oe ee 68. 558. 16 21, 663.50 $90,221. 66 | 
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Buildings, 1892. 


Appropriation by Congress ‘for erecting and repairing buildings and 
inclosures for animals and for administrative purposes in the National 
Zodlogical Park, including salaries or compensation of all necessary 
employés, eighteen thousand dollars” (sundry civil act, March 3, 
ISH) so sack cin ented aca ee A eg en a 

Expenditures from July 1, 1891, to June 30, 1892: 


LEST NOT a Sy 6 (TN eed eee Co ee a Sn ee ia $107, 50 

JEG ae vayar ae hs ae SN ie Ane ae a 4. 20 
PEA ERMAN OM OMS OUlree wae ene nie ee oe eS 227. 40 
AAA OOS ONC ses nee wh oe Seba pe Bt ae 1, 249. 98 
TCDA TN DALAIIS <ene ee we tan ee Site INE heed oe maces 3, 545. 00 
Pepeeea Sclerosis hee sete te te (al Eh no tee 3, 023. 41 
RINSE OIE TNCONS terme aaa be ert oh See ens te Be ASE Clee: 83. 10 
PENOLA ULES Milian on pee Soe Ee ke Aa eet wen ot Slee 575. 00 
SAITO ROTIC OMI CURAIONS ern s = ems tec = wine ie See Re 8, 624. 32 
PLUOUCBDEVGKslEMale sCOMenlls meer os eet. lek ees te iowa oh u0 ae 328. 55 


IBAPANCEGHILLY VAR L SOD sa reee set ols ieee MIEN AS ee ATE 


Improvements, 1892. 


Appropriation by Congress ‘‘for continuing the construction of roads, 
walks, bridges, water supply, sewerage, and drainage, and for grad- 
ing, planting, and otherwise improving the grounds of the National 
Zoological Park, including salaries or compensation of all necessary 
employés, fifteen thousand dollars” (sundry civil act, March 3, 1891.) 

Expenditures from July 1, 1891, to June 30, 1892: 


BoMaimio brid ¢e: (CONG AC) ee eee a> 2a ee aon = eee, $1, 742. 50 
Burloimemagenl aire cme. eee se SG Pe MS yee 544.17 
IMO M hpke Sh Sek SRE Ete OA ene ae 74. 00 
TEGAN) dee, 5 cre DG Re io ae cher SESE tee ee Oe a 17. 20 
JLARETT SyaIO Eo ees hs Seen Aik ee a ae HES 333. 09 
DalavresiOMeOmmpensavlON. ae oie! oes oat pice = 8, 181, 84 
OLDE OS OL CH oie C!=. ns caro tas wh Senco Sin ae a ee eee 420, 00 
Saye: . Sets ogee ROS eae ee Eee eee see 81.95 
SULVveVINS wplans, amd AraWINGS ..-\-. <2 222 eee ee noe 2, 961. 79 
Take eter el au coy oes cdRey ao yee ue Bc coe ee eee er TS 20d. 
TAN MTNOLE XP CNSOS VOUC peat ae) fi feicasr oct ele o.-¥el- t=. isle ara, 68.50 
Mnoosmplaivis sande tervrli Zens: = see 22 ceteciac «rin cre sce e= 2 279. 85 

IBY Bikers Dhl Tp USS Oe eet eek ee 2 eI nee ey eae eae eee 


Maintenance, 1892. 


Appropriation by Congress “for care, subsistence, and trans- 
portation of animals for the National Zoological Park, and 
for the purchase of rare specimens not otherwise obtain- - 
able, including salaries or compensation of all necessary 
employés, and general incidental expenses not otherwise 
provided for, seventeen thousand five hundred dollars, 
one-half of which sum shall be paid from the revenues of 
the District of Columbia and the other half from the Treas- 
ury of the United States” (sundry civil act, March 3, 
TQS ok ace dat eaebangos bod0e > eotand ada Berane Ae eee a $17, 500. 00 


XXXIX 


#18, 000, 00 


17, 768. 46 


231, 54 


15, 000. 00 


14, 878. 66 


121, 34 
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lor care and subsistence of animals for the National Zo- 
ological Park, fiscal year eighteen hundred and ninety-two, 
one thousand dollars, one-half of which sum shall be paid 
from the revenues of the District of Columbia and the 
other half from the Treasury of the United States (de- 


HCLENCY- ACU. MarChsO,eLSO2) earece a sae ten celeritete ate =e $1, 000. 00 
Expenditures from July 1, 1891, to June 30, 1892: 
Coaliand woods ies sets ee ae are oe eee 263. 12 
Rood toranimals as 5- cet See eee eer 3, 738. 12 
[Dray eea DS OMNI NET bos oe Be hace genic ul ce ncta sada dsc 222. 91 
Hat Ware; CbCic ae neon ata errs eae oe eee 76. 05 
Horseshoe o 22:85. 25 ee a Se 2 oes eee ee 33714 
ram Der Seca. See sen ee ee eee eee om ete ae ree 27.50 
Miscellaneous expenses <.. 2c. + 255. = = ee 394. 22 
NalATiGSs ObCOM PENS WblON= eee nas. er ee ee ee 10, 984. 12 
Stationery and prin tin@s2 a5 >=. ase oa eee renee Te 
SC} AOCUENG Ris date oSa Se So besabecc ccs dae dace Seoeconae secs 1, 301. 55 


$18, 500. 00 


17, 118. 50 


Balance. July ly 1892 2. ota aa ea seo ean er oe 1, 386. 50 
SMITHSONIAN INSTITUTION BUILDING. 
Repairs. 
RECEIPTS. 
Balance. July ds 18910 «sos 5s cases cane oe ee ee = ne ee $22, 585. 77 
EXPENDITURES FROM JULY 1, 1891, TO JUNE 30, 1892. 
Building material, lime, ;cement, ete. 5-2. = 2s 222-22 sen oe $230. 47 
Gopper cutters, flashing. Cle. 2 see. atone eee 545. 65 
AES ie eh an SECs orn): Pes oa ancy ee RE BHC eS Se Oe SEE ree SORE 305. 71 
SETURL G? tele ets ay=i-aps orale tae is cei rahe nt ee ee ee 136. 66 
Tron Toots andicerlin gy (contrach) =. ose naa ee eee 4, 663. 12 
MO DOM soo ek Ses an Ss cw es ee Se ee ee 230. 67 
Misepllaneous 2%. 0 2 get e eens oe Oo a 19. 25 
Iasterin o(contract aX = 255-ss cen oe oe. eee AOE Pe 2, 176.50 
Services, carpenters, painters, laborers, ete......:...-.--<--- 1, 490. O01 
SlabeawOrks (CONtTACh) Ms <ee ke See oe ae ee ee ee ee 603. 65 
Vir Lo wWasashiy6bG! 2c 5 22S: es 2 See oe en ren 323. 00 
10, 724. 69 
Balancer July-15 18925 : 5.25 Soe 11, 861. 08 
ASTRO-PHYSICAL OBSERVATORY—SMITHSONIAN INSTITUTION, 1892, 
Receipts. 
Appropriation by Congress “for maintenance of Astro-Physical Obsery- 
atory under the direction of the Smithsonian Institution, including 
sularies of assistants and the purchase of additional apparatus” (sun- 
dry. civil-act, March :3/°1891)).. (25. & cos $10, 000. 00 


Expenditures from July 1, 1891, to June 30, 1892. 
Salaries or compensation; 
1 senior assistant, 74 months, at $200 .......... $1, 500. 00 


1 astronomer, 1 month, at $180, $180; 114 days, 
ViptSO POLLO, POO. 71 2.c .. cans eee ee eee 246. 77 
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Salaries or compensation—Continued. 
1 assistant, 10 days, at $166.66 per month... ... $55. 55 
1 assistant, 1 month, at $60, $60; 17 days, at $60 
per month, $32.90; 14 months, at $83.33 per 
month, $124.99; 9 days, at $83.33 per month,’ 


SES 2 St aed oe Be Re ee men at ea 242. 89 
laid, 3 months, at $45, $135; 30 days, at $45 
ELMO ea S000 ws. seca oe es ee swe = = 178.55 


1 photographer, 1 month, at $158.33, $158.33; 16 
days, at $158.33 per month, $81.72; 15 days, at 


$153.33 per month; $76.6L5- 222.25... cobs hone 316. 66 
1 photographer, 1 month, at $150.............. 150. 00 
1 instrument-maker, 94 days, at $60 per month, 

$47.42; 1574 hours, at 25 cents per hour, $39.38. 56. 80 
1 draftsman, 246 hours, at 60 cents per hour.... 147. 60 
1 carpenter, 34 days, at $3 per day............- 10. 50 
1 carpenter, 14 months, at $91 per month, $136.50; 

114 days, at $91 per month, $33.76........... 170. 26 
1 laborer, 3 months, at $50 per month, $150; 4 

months, at $60 per month, $240........-..-.- 390. 00 

Total salaries or compensation ....:...-.---..--.------ $3, 465. 58 


General expenses: 


Apparabus and applianCes)...- . .. <.ce een tie we esd 3, 841. 42 
OCU C WOU Kes aerate « Avian ale aro ie = SPIE aise ne = 280. 50 
UNG NU = go RES 2 tae Ear ce Pg ae 41.57 
Miscellaneous: SUPPITES<. —- = 1-22-2222 22 ae ose 480. 80 
Ofieemrurnitures: soe. 2. ¢-se een Sac oo ee 29. 75 
almibin eee etn sete oan oe ae cles aes ae sas 8. 00 
Plumbing and gas-fitting....5.7 72-2. -.5-- 8. 26. 70 
PLING A DLAMICS LOUC eine area alain: harate.< ciena eo = ee 18. 00 
Reference books and binding..-..--..-.-..-... 419,19 
key WO Dibra. acta tse aches says ss ecu oe 145. 00 
NAVEL PO XPOUSOS = oaraps ose mia = oe Sleveis eyo = <= 87. 10 


Total expenditures, Astro-Physical Observatory.......-.---.-.--- 
Tegleyieeay dan ha hon Ree nee Se Oe Se en ne eee LAE 


RECAPITULATION. 


XLI 


$8, 843. 61 


1, 156. 39 


The total amount of funds administered by the Institution during the year end- 
ing June 30, 1892, appears from the foregoing statements and the account books to 


have been as follows: 
Smithsonian Institution. 


From balance of last year, July 1, 1891............--....-.- $40, 062. 12 
(Including cash from executors of Dr. J. H. Kidder $5, 000. 00 
Including cash from gift of Dr. Alex. Graham Bell) 5, 000. 00 


ee 


10, 000. 00 
From interest on Smithsonian fund for the year ...---.---- 44, 481. 36 
From sales of publications..---..--...-.-.2--------+--+--+- 378. 24 
From re-payments for freight, etc......----.--------------- 2,595. 99 
From ‘Thomas G. Hodgkins.......--<<.---.----.----------- 200, 000. 00 


Total... + Je he Eee ee $287, 517. 70 
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Appropriations committed by Congress to the care of the Institutio 


International exchanges—Smithsonian Institution : 


From appropriation for 189192 -...-..--.-.------------------------ $17, 000. 00 
North American Ethnology: 
From balance of last year (1890-’91), July 1,1891_..---- $12, 774. 24 
From appropriation for 189192... -. .-..-.-.---.-.------- 50, 000. 00 
62, 774. 24 
Preservation of collections—Museum : 
Brom balanceiofsl 889906 eae eee eee eer er 14. 92 
Hrom balance of 1890-91, July U 18912222 = = ee (STRESS) 
Mromsappropriation ton Lol 92. 22s een eee ee =a 145, 000. 00 
—— 152,994.91 
Printing—Mnuseum: 
Brom balance of 889S90 see. ees See 64. 55 
FromubalancerOk L890) iui yell SON eee ee eee renee eae 1, 064. 65 
Brom appropriations 10F S01 O2 ae see eerie ae eer 16, 006. 00 
-—— 17,129.20 
Furniture and fixtures—Museum : 
Erom balance Of A889 90 Ese eens weer cies aie eee . 28 
From balance of 1890 oly Julyel Teo ee ee Se eee 3, 699. 54 
Rromyappropriation fom tegl— 92 ons. ne ao ee ee 25, 000. 00 
- 28, 690. 82 
Heating, lighting, ete.—Museum: 
Hrombalance orl S39— (90 essere ee eee 1.85 
From balance of 1890-91, Duly, 1891222 842. 34 
Hromsapplopriavlon tom Look Oo eens ee ee ee 15,000.00 | 
- —— 15,844.19 
Postage—Museum : 
Brompbalance of 18899 Oa eee yee eee tere 500, 00 
EFromcappropriabion tor 1891-99 sas eae eee ee 500. 00 
-—— 1, 000. 00 
Building—National Museum: 
Hromappropriation= tor 1 S8O1='92 5 eee seer eee 5, 000. 00 
Duties on articles imported for National Museum: 
From appropriatlon tons 891.022 see ee 1, 000. 60 
National Zodlogical Park: 
From balance of 1889-90, July 1, 1891.............._..- 23, 441. 84 
Prom appropriav1.on: Lor ASIN" 92 s2 ee  e aeeee 50, 500. 00 
; ; F —— 73,941.84 
Smithsonian Institution building, repairs: 
From balance of appropriation, July 1, 1891.._.................... 22, 585. 17 
Astro-Physical Observatory—Smithsonian Institution: 
Kromvappropriation 189192 see 2 ee ee 10, 000. 00 
SUMMARY. 
Smithsonian Institution .222 20. .n se see eee PP Aap an eo $287, 517. 70 
Hx chan GOs. .< 2 2 7: esses oho eae es 17, 000. 00 
Eithnology ~ -. = ccs ahs eae es ee 62, 774. 24 
Ereservation Of collections. -ce-scsn: ae teeee ee 152, 994. 91 
Hurnitnre and fixtures .. =... 5 a2: S422 55a ee 28, 690. 82 
Heating and lighting :.< 2.0... 65. Seeen,. foe 15, 844. 19 
OSUAQ Ole secs 2. ek ean we he ee Po ee ee 1, 000. 00 
PTIN GUD Osea en's Seis care Sale ash cera eee oe ne 17, 1295202 
Building? National Museum: . 22... sc: cee 5 2 eee 5, 000. 00 
Duties on articles for National Museum...................-.----.-.---. 1, 000. 00 
Aovlopical pakke? <<... 2.5 1.2.2. Beet. 73, 941. 84 
Smithsonian building,-repairs.._.2. 2.202. oe 22, 585. 77 
Astro-Physical Observatory ........... 2k ae wit Ca eee ee 10, 000. 00 


n. 


695, 478, 
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‘The committee has examined the vouchers for payment from the 
Smithsonian income during the year ending June 30, 1892, each of 
which bears the approval of the Secretary or, in his absence, of the 
Acting Secretary, and a certificate that the materials and services 
charged were applied to the purposes of the Institution. 

The committee has also examined the accounts of the several appro- 
priations committed by Congress to the Institution, and finds that the 
balances hereinbefore given correspond with the certificates of the dis- 
bursing clerk of the Smithsonian Institution, whose appointment as 
such disbursing officer was accepted and his bonds approved by the 
Secretary of the Treasury. : 

The quarterly accounts-current, the vouchers, and journals have 
been examined and found correct. 

As stated in the last annual report of the committee, the balance of 
the appropriation for last year for ethnological researches (Bureau of 
Ethnology) was continued in the hands of the disbursing clerk of the 
Bureau (Mr. J. D. McChesney). This balance having since been fully 
disbursed by him and the appropriation for ethnological researches for 
the present year as well as the appropriation for the Astro-Physical 
Observatory having been added to those already in the hands of the 
disbursing clerk of the Institution (Mr. William W. Karr), all the ap- 
propriations committed by Congress to the care of the Institution are 
now disbursed by the disbursing clerk of the Smithsonian Institution, 
excepting the appropriation for “printing, National Museum,” which 
is executed under the direction of the Public Printer (Revised Statutes, 
section 3661). 


Statement of regular income from the Smithsonian fund available for use in the year 
ending June 30, 1893. 


RealancerOn Nanda.) Loge sasee ocr ot ne eck tee ta ae Me ose sees occa es $47, 875, 33 
(Including the’cash from executors of Dr. J. H. Kidder .... $5, 000. 00 
Including the cash from Dr. Alex. Graham Bell).-.-..----. =e. 9 00000 
10, 000. 00 
Interest due and receivable July 1, 1892 ........---.---.---- 27, 090. 00 
Interest due and receivable January 1, 1893 ......---..----- 27, 090. 00 

-——-———_ 54, 180.00 

Total available for year ending June 30, 1893........-.---------- 102, 055. 33 


Respectfully submitted. 
JAMES C. WELLING, 


Henry CopPreE, 
J.B, HENDERSON, 
Executive Committee. 


WASHINGTON, D. C., November 18, 1892. 
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ACTS AND RESOLUTIONS OF CONGRESS RELATIVE TO THE 


SMITHSONIAN INSTITUTION, NATIONAL MUSEUM, ETC. 


(In continuation from previous Reports.) 


[Fifty-second Congress, first session, 1891, 1892.] 
SMITHSONIAN INSTITUTION. 


JOINT RESOLUTION [No. 2] to fill vacancies in the Board of Regents of the Smith- 
sonian Institution. 


Resolved by the Senate and House of Representatives of the United 
States of America in Congress assembled, That the vacancies in the 
Board of Regents of the Smithsonian Institution, of the class other 
than members of Congress shall be filled by the appointment of Wil- 
liam Preston Johnston, of Louisiana, in place of Noah Porter, of Con- 
necticut, resigned, and the appointment of John B. Henderson, a citizen 
of the District of Columbia, in place of Montgomery C. Meigs, deceased, 
and by the reappointment of Henry Coppee, of Pennsylvania, whose 
term of office expired on December twenty-sixth, eighteen hundred and 
ninety-one. (Approved January 26, 1892.) 

War Department.— Buildings and Grounds: For improvement, main- 
tenance and care of Smithsonian Grounds, including construction of 
asphalt roads and paths, five thousand dollars. (Sundry civil appro- 
priation act. Chap. 380. Statutes, p. 375. Approved August 5, 1892.) 


INTERNATIONAL EXCHANGES. 


For expenses of the system of international exchanges between the 
United States and foreign countries, under the direction of the Smith- 
sonian Institution, including salaries or compensation of all necessary 
employees, twelve thousand dollars. (Sundry civil appropriation act. 
chap. 380. Statutes p. 360. Approved August 5, 1892.) 

Treasury Department: To pay amounts found due by the accounting 
officers of the Treasury on account of international exchange, Smith- 
sonian Institution, being for the service of the fiscal year eighteen 
hundred and ninety, as follows: 

To pay the Baltimore and Ohio Railroad Company, sixty-seven cents. 
(Deficiencies appropriation act, chap. 311. Statutes, p. 283. Approved 
July 28, 1892.) 

Library of Congress: For compensation of Librarian, [etc. | 
eight assistant librarians, at one thousand four hundred dollars each, 
one of whom shall be in charge of international exchanges. 

* * * For expenses of exchanging public documents for the 
publications of foreign governments, one thousand five hundred dollars. 
(Legislative, executive, and judicial act. Chay, 196, Statutes, p. 159. 
Approved July 16, 1892.) 


* * 
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Department of the Interior—United States Patent Office: For purchase 
of professional and scientific books, and expenses of transporting pub- 
lications of patents issued by the Patent Office to foreign governments, 
two thousand five hundred dollars. (Legislative, executive, and 
judicial act. Chap. 196, Statutes, p. 215. Approved July 16, 1892.) 

War Department: For the transportation of reports and maps to 
foreign countries through the Smithsonian Institution, one hundred 
dollars. (Sundry civil appropriation act, Chap, 380. Statutes, p. 378, 
Approved August 5, 1892.) 

Naval Observatory: For repairs [ete.,|] * * * freight, including 
transmission of public documents through the Smithsonian exchange. 
[ete.| two thousand five hundred dollars, (Legislative, executive and 
judicial act, Chap. 196, Statutes, p. 211. Approved July 16, 1892.) 

U. 8. Geological Survey: For the purchase of necessary books, for the 
library, and the payment for the transmission of public documents 
through the Smithsonian exchange, two thousand dollars. (Sundry 

‘ivil appropriation act, chap. 380. Statutes, p. 371. Approved Au- 
gust 5, 1892.) 
NATIONAL MUSEUM. 


For continuing the preservation, exhibition, and increase of the col- 
lection from the surveying and exploring expeditions of the Govern- 
ment, and from other sources, including salaries or compensation of all 
necessary employees, one hundred and thirty-two thousand five hun- 
dred dollars. ‘ 

For cases, furniture, fixtures, and appliances required, for the exhi- 
bition and safe-keeping of the collections of the National Museum, in- 
cluding salaries or compensation of all necessary employees, fifteen 
thousand dollars. 

For expense of heating, lighting, electrical, telegraphic and telephonic 
service for the National Museum, eleven thousand dollars. 

For postage stamps and foreign postal cards for the National Mu- 
seum, five hundred dollars. (Sundry civil appropriation act, chap. 380. 
Statutes, p. 360. Approved August 5, 1892.) 

Treasury Department.—To pay amounts found due by the accounting 
officers of the Treasury on account of preservation of collections, 
National Museum, being for the services of the fiscal year eighteen 
hundred and ninety, as follows: 

To pay the Baltimore and Ohio Railroad Company, four dollars and 
forty-seven cents; to pay the Atlantic and Pacific Railroad Company, 
two dollars and fifty cents; in all, six dollars and ninety-seven cents. 
(Deficiencies appropriation act. Chap. 311. Statutes, p. 283. Ap- 
proved July 28, 1892.) 

Public Printing and Binding.—For the Smithsonian Institution, for 
printing labels and blanks and for the “Bulletins” and annual vol- 
umes of the “ Proceedings” of the National Museum, twelve thousand 
dollars. (Sundry civil appropriation act. Chap. 380. Statutes, p. 
388. Approved August 5, 1892.) 


JOINT RESOLUTION [No. 8,] to encourage the establishment and endowment of 
institutions of learning at the national capital by defining the policy of the Gov- 
oe with reference to the use of its literary and scientific collections by 
students, ; 


Whereas, large collections illustrative of the various arts and scien- 
ces and facilitating literary and scientifie research have been accu- 


mulated by the action of Congress through a series of years at the 
national capital; and 


Vay eee 
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Whereas it was the original purpose of the Government thereby to 
promote research and the diffusion of knowledge, and is now the set- 
tled policy and present practice of those charged with the care of 
these collections specially to encourage students who devote their 
time to the investigation and study of any branch of knowledge by 
allowing to them all proper use thereof; and 

Whereas it is represented that the enumeration of these facilities 
and the formal statement of this policy will encourage the establish- 
ment and endowment of institutions of learning at the seat of Govern- 
ment, and promote the work of education by attracting students to 
avail themselves of the advantages aforesaid under the direction of 
competent instructors: Therefore, 

Resolwed by the Senate and House of Representatives of the United 
States of America, in Congress assembled, That the facilities for research 
and illustration in the following and any other Governmental collec- 
tions now existing or hereafter to be established in the city of Wash- 
ington for the promotion of knowledge shall be accessible, under such 
rules and restrictions as the officers in charge of each collection may 
prescribe, subject to such authority as is now or may hereafter be per- 
mitted by law, to the scientific investigators and to students of any 
institution of higher education now incorporated or hereafter to be in- 
corporated under the laws of Congress or of the District of Columbia, 
to wit: 

One. Of the Library of Congress. 

Two. Of the National Museum. 

Three. Of the Patent Office. 

Four. Of the Bureau of Education. 

Five. Of the Bureau of Ethnology. 

Six. Of the Army Medical Museum. 

Seven. Of the Department of Agriculture. 

Hight. Of the Fish Commission. 

Nine. Of the Botanic Gardens. 

Ten. Of the Coast and Geodetic Survey. 

Eleven. Of the Geological Survey. 

Twelve. Of the Naval Observatory. 

(Approved, April 12, 1892.) 


# NORTH AMERICAN ETHNOLOGY. 

For continuing ethnological researches among the American Indians, 
under the direction of the Smithsonian Institution, including salaries 
or compensation of all necessary employees, forty thousand dollars. 
(Sundry civil appropriation act. Chap. 380. Statutes, p. 360. Ap- 
proved August 5, 1892.) 


ASTRO-PHYSICAL OBSERVATORY. 


For maintenance of astro-physical observatory, under the direction 
of the Smithsonian Institution, including salaries of assistants, appa- 
ratus, and miscellaneous expenses, ten thousand dollars. (Sundry civil 
appropriations act, Chap. 380, Statutes, p. 360. Approved August 5, 
1892.) 

NATIONAL ZOOLOGICAL PARK. 


For continuing the construction of roads, walks, bridges, water sup- 
ply, sewerage, and drainage; and for grading, planting, and otherwise 
improving the grounds; erecting, and repairing buildings and inclos- 
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ures for animals; and for administrative purposes, care, subsistence, 
and transportation of animals, including salaries or compensation of 
all necessary employees, and general incidental expenses not otherwise 
provided for, fitty thousand dollars, one-half of which sum shall be 
paid from the revenues of the District of Columbia and the other half 
from the Treasury of the United States; and a report in detail of the 
expenses on account of the National Zoological Park shall be made to 
Congress at the beginning of each regular session. (Sundry civil ap- 
propriation act. Chap. 380, Statutes, p. 360. Approved August 9, 
1892. 

Foe care and subsistence of animals for the National Zoological Park, 
fiscal year eighteen hundred and ninety-two, one thousand dollars, one- 
half of which sum shall be paid from the revenues of the District of 
Columbia, and the other half from the treasury of the United States. 
(Deficiency appropriation act, Chap. 12, Statutes, p. 6. Approved 
March 8, 1892.) : 

To pay Melville Lindsay for rubber boots furnished to employees 
engaged to work in water in the National Zoological Park, being a 
deficiency for the fiscal year eighteen hundred and ninety-one, thirty- 
eight dollars. (Deficiencies appropriation act, Chap. 311. Statutes, 
p. 284. Approved July 28, 1892.) 


WORLD'S COLUMBIAN EXPOSITION AT CHICAGO. 


Treasury Department: For the selection, purchase, preparation, 
transportation, installation, care and custody, and arrangement of such 
articles and materials as the heads of the several Executive Depart- 
ments, the Smithsonian Institution, and National Museum, and the 
United States Fish Commission may decide shall be embraced in the 
Government exhibit, and such additional articles as the President may 
designate for said Exposition, and for the employment of proper per- 
sons as officers and assistants to the Board of Control and Manage- 
ment of the Government exhibit, appointed by the President, of which 
not exceeding five thousand dollars may be expended by said Board for 
clerical services, four hundred and eight thousand two hundred and 
fifty dollars: Provided That all expenditures for the purposes and from 
the appropriation specified herein shall be subject to the approval of 
the said Board of Control and Management and of the Secretary of 
the Treasury, as now provided by law. (Sundry civil appropriation 
act. Chap. 380. Statutes, p. 362. Approved August 5, 1892.) 


COLUMBIAN HISTORICAL EXPOSITION AT MADRID. 


State Department: For the expense of representation of the United 
States at the Columbian Historical Exposition to be held in Madrid in 
eighteen hundred and ninety-two in commemoration of the four hun- 
dredth aniversary of the discovery of America, fifteen thousand dol- 
lars, or so much thereof as may be necessary, to be expended under 
the direction and in the discretion of the Secretary of State: and the 
President is hereby authorized to appoint a commissioner-general and 
two assistant commissioners, who may, in his discretion, be selected 
from the active or retired list of the Army or Navy, and shall serve 
without other compensation than that to which they are now entitled 
by law, to represent the United States at said exposition; that it shall 
be the duty of such commissioners to select. from the archives of the 
United States, from the National Museum, and from the various exeen- 
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tive departments of the Government such pictures, books, papers, 
~ documents, and other articles as may relate to the discovery and early 
settlement of America and the aboriginal inhabitants thereof; and 
they shall be authorized to secure the loan of similar articles from 
other museums and private collections, and arrange, classify, and in- 
stall them as the exhibit of the United States at the said exposition; 
that the President is authorized to cause the detail of officers from the 
active or retired list of the Army and Navy, to serve without compen- 
sation other than that to which they are now entitled by law, as assist- 
ants to said commissioners; and the said commissioners shall be au- 
thorized to employ such clerical and other assistance as may be neces- 
sary, Subject to the approval of the Secretary of State. (Deficiencies 
appropriation act, Chap. 72, Statutes, p.34. Approved May 13, 1892.) 
State Department: For expenses of representation of the United 
States at said exposition, ten thousand dollars. (Sundry civil appro- 
priation act, Chap. 389, Statutes, p. 350. Approved August 5, 1892.) 
H. Mis. 114 IV 


REPORT OF 8. P. LANGLEY, 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 


FOR THE YEAR ENDING JUNE 30, 1892. 


To the Board of Regents of the Smithsonian Institution: 

GENTLEMEN: I have the honor to submit herewith my report for the 
year ending June 30, 1392, of the operations of the Smithsonian Insti- 
tution, including the work placed by Congress under its charge in the 
National Museum, the Bureau of Ethnology, the International Ex- 
changes, the National Zoological Park, and the Astro-Physical Obsery- 
atory. 

Matters of general interest have been treated of in the body of the 
report, while in the Appendix will be found detailed reports on the 
more important subdivisions of the work of the Institution, namely: 
the Bureau of Ethnology, the Bureau of International Exchanges, the 
Library, the National Zoological Park, the Astro-Physical Observatory, 
and the Editor in charge of Publications. 

The work of the National Museum is reported on at length in a sep- 
arate volume by the Assistant Secretary in charge. 


* THE SMITHSONIAN INSTITUTION. 
THE ESTABLISHMENT. 


I have to record the following changes in the Establishment during 
the year: The resignation of the Hon. James G. Blaine, Secretary of 
State, on June 4, 1892, and the appointment of his successor to the 
Secretaryship, the Hon. John W. Ioster; the resignation of the Hon. 
Redfield Proctor, Secretary of War, on December 6, 1891, and the ap- 
pointment of his successor, the Hon. Stephen B. Elkins; and the resig- 
nation of the Hon. Charles E. Mitchell, Commissioner of Patents, on 
July 31, 1891, and the appointment of the Hon. William E. Simonds as 
his successor. 
THE BOARD OF REGENTS. 


{fn accordance with a resolution of the Board of Regents fixing the 
time of the stated annual meeting of the Board on the fourth Wednes- 
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day of January in each year, the Board met on January 27, 1892, at 10 
o'clock A. M. The journal of its proceedings will be omnes as a aeh in 
its annual report to Congress, but for convenience reference is also here 
made later to a portion of its action. 

A special meeting of the Board of Regents was held on October 2s 
1891, at which a gift of $200,000 from Mr. Thomas G. Hodgkins, of Se 
tauket, Long Island, was formally accepted; and another was held on 
March 29, 1892, to take action regarding certain Congressional appro- 
priations. 

The following changes in the personnel of the Board of Regents are 
to be noted: The appointment of the Hon. W. C. P. Breckinridge, of 
the House of Representatives, by the Speaker of the House (pro tem- 
pore), January 15, 1892, to succeed the Hon. Benjamin Butterworth, 
whose term expired December 23, 1891; the appointment, by joint reso- 
lution of Congress, approved January 26, 1892, of President Williaza 
Preston Johnston, of Tulane University, Louisiana, to succeed Dr. 
Noah Porter, who resigned December 31, 1889; and the appointment, 
by the same resolution, of the Hon. John B. Henderson, of the District 
of Columbia, to succeed Gen. M. C. Meigs, who died January 2, 1892. 

The following have been re-appointed to fill vacancies caused by the 
expiration of their own terms: The Hon. Justin S. Morrill, of the United 
States Senate, by the Vice-President of the United Staten December 
15, 1891, the Hon. Joseph Wheeler, and the Hon. Henry Cabot Lodge, 
of the House of Representatives, by the Speaker (pro tempore) of the 
House, January 15, 1892, and Dr. Henry Coppée, by joint resolution 
of Congress approved January 26, 1892. 

The Board has suffered the loss by death of Gen. Montgomery C. 
Meigs on January 2, 1892. Dr. Noah Porter, an ex-member of the 
Board, died on March 4, 1892. Reference is made to them elsewhere in 
the necrologic notices. 


ADMINISTRATION. 


I beg to repeat the recommendation contained in my report of last 
year, that Congress be requested to make some provision for meeting 
the actual expenses of the administration of the affairs of the General 
Government confided to the Institution. There is no such provision 
now for the considerable and increasing clerical expenses, which belong 
not to any single Government bureau under its care, but to the charge 
of their common administration, and these expenses all fall ultimately 
upon the Institution, 

Another difficulty arising out of the great extension of the interests 
under the care of the Regents, which makes the duties of the Secretary 
and the Assistant Secretary altogether different from what they were 
in its early history, has been calling for relief for some time, and has 
finally been met by appropriate action of the Board; for, apart from the 
need of a Congressional appropriation which shall provide for the 
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increased expenses of the clerica) force in the Secretary’s office engaged 
in transacting purely Government business, I have directed the atten- 
tion of the Regents to the fact that the Chancellor of the Institution 
(in whom alone the power of appointing an Acting Secretary is vested 
by law) may be absent when the Acting ‘Secretary is ill and when 
there is no one to relieve him. Such a case has actually presented 
itself, directing attention to the necessity of authorizing the Secretary 
to delegate authority for performing certain subordinate but indis- 
pensable functions, such as signing a certain class of papers. 

Owing to the established principles of conduct in the Smithsonian 
Institution (which there has been no intention of departing from) the 
Secretary’s power has never been diffused or delegated even as far as 
is usual in the case of Executive Departments of the Government, 
where there are several persons in every separate bureau constituting a 
line of succession of those who are authorized, in case of the absence 
of its head, to carry on ordinary business and especially to sign all 
such routine papers as are required for its current business with the 
Treasury. There has been no time however in the past twelve years, 
when, in the joint event of the illness or absence of the Secretary and 
the Acting Secretary of the Smithsonian Institution, any such provision. 
has existed for carrying on even the routine business. 

At the meeting of the Regents on January 27, 1892, the following 
resolution was introduced, and was duly given effect through the 
Executive Committee in the appointment of an officer of the Insti- 
tution to act according to its provisions: 

“ Resolved, That the Secretary be empowered to appoint some 
suitable person, who, in case of need, may sign such requisitions, 
vouchers, abstracts of vouchers, accounts current, and indorsements of 
checks and drafts. 15 are needed in the current business of the Institu- 
tion, or of any of its bureaus, and are customarily signed in the bureaus 
of other Departments of the Government.” 
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FINANCES. 


I have recalled the fact that the gift of $200,000 to the Institution by 
Mr. Thomas G. Hodgkins, of Setauket, Long Island, to which I briefly 
referred in my report of last year, was formally accepted by the Board 
of Regents at a special meeting held October 21, 1891. 

At this meeting I stated that It had entered on a correspondence 
with Mr. Hodgkins in which he had intimated his desire to give a 
considerable sum to the fund of the Smithsonian Institution for the 
‘“inerease and diffusion of knowledge among men.” The correspond- 
ence was followed by personal visits both by the Secretary and by the 
Assistant Secretary, the result of which was that Mr. Hodgkins offered 
a donation of $200,000, concerning which the Secretary telegraphed 
the Regents on June 22. Upon being advised of the individual 
approval of most of the Regents to the acceptance of the sum named, 
Mr. Hodgkins later, on September 22, at his home on Long Island, 
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gave the amount in cash to the Secretary, who deposited it in the 
United States Treasury at Washington, with the understanding that 
an early meeting of the Board would be called as a body to consider 
its acceptance. 

The essential conditions are that the income of $100,000 of this gift 
shall be permanently devoted to the increase and diffusion of more 
exact knowledge in regard to the nature and properties of atmos- 
pheric air in connection with the welfare of man; the income of the 
remaining $100,000 being for the general purposes of the Institution. 

In view of the importance of the subject I have referred to it again 
later in the report, under a distinct heading. 

I may call attention in this place to the fact that the Smithsonian 
Institution is, by reason of its far-reaching connection with the scien- 
tifie world, enabled to make specially effective use of sums given for 
immediate employment in specific purposes or investigations. A few 
such special trusts (distinct from those for adding to the permanent en- 
dowment) have been committed to the Institution in the past, through 
the Secretary, and yet I feel assured that, were the intentions of the 
Regents better understood in this regard, the Institution would much 
more frequently be made the medium for giving effect to the plans of 
those interested in promoting specific researches, as well as in making 
permanent endowments. 

The permanent funds of the Institution are as follows: 


Bequrestio£ Siarth som WL ShO eee ese ye ere are eye eae Plea eet eee ae $515, 169. 00 
Residuary legacy of Smithson, 1867 2255-2. Seca. el eee eee 26, 210. 63 
Deposit from savingsiof income; ete, [867 oases eae ee ee 108, 620. 37 
Bequest of James Hamilton, 1875........--..-- eae hee ee eee 1, 000. 00 
iBequesb-ol Simom Habelel S20 02S sassy sateen ate ert ere ae err 500. 00 
Deposit from proceeds of sale of bonds, 188122222. 2222. 2222s e ee eee 51, 500. 00 


Hodgkins’ gift, 1891......... ps favo LAI ne 200, 000. 00 


Total permanent Smithsonian fund in the Treasury of the United 
States, bearing interest at 6 per cent. per annum.........-.--.. $903, 000. 00 

Atthe beginning of the fiscal year the balance on hand was $40,062.11. 
Interest on the invested fund, amounting to $44,481.36, has been 
received from the Treasury of the United States during the year, and 
from sales of publications and iniscellaneous sources, including repay- 
ments on account of international exchanges, $2,974.23, making a total 
of $87,517.70. 

The total expenditures, as shown in detail in the report of the Exeecu- 
tive Committee, have been $39,642.37, leaving an unexpended balance 
on June 30, 1892, of $47,875.33. This includes a sum of $10,000, the 
amount of a bequest of $5,000 from the late Dr. J. H. Kidder anda 
donation of a like amount from Dr. Alexander Graham Bell personally 
to the Secretary for physical investigations, which was, with the donor’s 
consent, deposited by the Secretary to the eredit of the funds of the 
Institution, subject to order. Neither of these sums, then, forms a por- 
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tion of the invested funds, and both have been held in the hope that 
Congress would later provide a site for a permanent building for the 
Astro-Physical Observatory. The balance available for the general 
purposes of the Institution on July 1, 1892, was $37,875.33, but this is 
in large part held against various liabilities, for scientific purposes. 

The Institution has been charged by Congress with the disburse- 
ment during the year of the following appropriations: 


TR OTE BRUNET OVATE 3 Desetene es WAV ees Teac tea no AD $17,000 
Horiba log tenileese ar Cue snes. mac cies hae Gage ta one ee J Sr ey 50,000 
For National Museum: 
ELESCEVALIONOmCOUECHONS = ee tne act ss. ee eans oes seat ae 145,000 
IPUURAUD RUDE BOE RDG HIT ROSS ciaks See A aa PRS as oe ee ee a 25,000 
hea Gin oe amcelto: hammer ee ae eee arene eta ee ee) eee! SEP 2 =. 15,000 
IP OSOIES 8 acco 5k See SO SE ene cee nn Le Pee 500 
lO ORMestO meV EUISe UTD CIN Go ee een nee ae oe te Be 5,000 
Duties on articles imported.-....-- Bae Lynn ed ty She Mal come nes A 1,000 
Purchase of Capron Collection of Japanese Works of Art..--...-.-.-.- 10,000 
TETRA Aan 5 icin a hese nie Bes eS ene ealy e t epee S e 16,000 
For National Zoological Park: 
Improvements. -----. be HOPE ee Se ee ees Se ee) 15,000 
IDICUIS Gis eete Blech: Rant te Eee pee eee ees REPS ey ort Oe eee PR A 18,000 
MiannuimenanCe es. setts ee Oe Bee Se at eo RE NE 17,500 
HOnEASUEOsk Myslea le OWServyatOr yaa. 6 oo ee beeen mente toes ane ee 10,000 


To these should be added the small unexpended balance of the special 
appropriation of $92,000 made April 30, 1890, for the National Zoolog- 
ical Park. 

The vouchers for the disbursement of these appropriations have been 
examined by the Executive Committee, and the various items of expen- 
diture are set forth in a letter addressed to the Speaker of the House 
of Representatives, in accordance with a provision of the Sundry Civil 
Act of October 2, 1888; while the expenditures from the Smithsonian 
fund have likewise been examined and approved by the Executive 
Committeé, and are shown in their report. 

I may call attention to the fact that the Secretary has been desirous 
to see a change in the phraseology of the Sundry Civil Act making ap- 
propriation for ethnological researches, which would relieve him from 
the personal responsibility imposed by the language of former bills. 
Such a change has now been made, whereby the appropriation is placed 
‘under the direction of the Smithsonian Institution,” instead of in the 
charge of the “ Secretary of the Smithsonian Institution,” as heretofore. 
The vouchers from the Bureau of Ethnology are therefore now scruti- 
nized by the Executive Committee, as are all other expenditures of the 
Institution. 

The estimates for the fiscal year ending June 30, 1893, forwarded to 
the Secretary of the Treasury, under date of October 7, 1891, were as 
tollows: 

Building, Smithsonian Institution.<<...-.-..-------.6.--- 2+ ee eee eee $5, 000 


Thier nentianien, JIS OMewNES A. 6 6b bob oo hoses Boe Oe Oa aes eee ae one 17, 000 
NO PAITIONICHINUH GUNOLOO Viren ectetes ise st crys ealen ie. one ke oe ste eacie sees se 50, 000 
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National Museum: 
Preservation of collections.-.-...-.----------------------------+------ $145, 000 
Heating and lighting... <.---------- ---.---- -+=++-=22+--==--------=- 12, 000 
Furniture and #ixtures 2222-5956. o-- ee ae ee eee ee eee 25, 000 
Printing and binding -......-..---------.------------=-++-+++-+=---- 18, 000 
Postage! 2. oie Se oe ee 500 
Duties.on articles imported... .._ =~... 22 -2= 22-5 = ee i 1, 000 
Addition to electric-light plant. .....-.--.-----.------------- -------- 5, 000 
Galleriés 50s 2) eo ce See cee ee ee ee 8, 000 

National Zoological Park: 
TM pPLOVeMeON tS —= =~ Seok a ae ee 15, 000 
Buildings 25.22 26 22) 5 - Soe ee ee 18, 000 
Maintenance. 2x22 ccc oe tease ore SS Oe 17, 500 

‘Astro-Physical Observatory .--- 5-2-2 5- = eee fe 10, 000 

BUILDINGS. 


I have repeatedly urged upon your attention the necessity for more 
ample accommodations for the rapidly increasing collections of the 
National Museum, a necessity that has been emphasized by the diffi- 
culties attending the preparation for the Museum exhibit at the 
World’s Columbian Exposition in Chicago and the Columbian Histori- 
eal Exposition in Madrid. 

In the light of past experience, it is not unreasonable to anticipate a 
large increase in the collections of the Museum in the shape of donations 
from exhibitors at these expositions, if any assurance can be given 
that such material will eventually be properly installed. If no such 
assurance can be given a great amount of material will be lost to the 
Institution, the value of which would, in my opinion, nearly equal the 
estimated cost of a new building for the Museum. 

The present Museum building was finished and oceupied in 1881. 
The collections increased so rapidly that as early as 1883 the Regents, 
at their meeting of January 17, recommended to Congress the erection 
of anew building. 

Since 1883 the collections have again increased to such an extent 
that a new building as large as the present one could now be adyan- 
tageously filled with material held in storage, and I can only repeat 
with increased emphasis the closing sentence of my letter of January 
21, 1890, to the Hon. Leland Stanford, chairman of the Senate Com- 
mittee on Public Buildings and Grounds, ‘That unless more space is 
provided, the development of the Government collection, which is al- 
ready partly arrested, will be almost completely stopped.” 

The Museum collections have overflowed into every part of the 
Smithsonian building, and special provisions have been made for them, 
beginning with the galleries long since erected in the main hall, not 
contemplated in the original plans of the building, and which seriously 
interfere with lighting the exhibition open to the public. The storage 
space of the Institution building needed for other purposes, is now also 


almost exclusively occupied by Museum specimens, and some relief 
must be found. 
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A bill providing for the erection of a fire-proof building for the 
National Museum was introduced in the Senate by the Hon. J. 8S. Mor- 
rill, and passed the Senate on April 15, 1892, but failed to secure 
favorable action in the House. 

The work of fire-proofing the so-called “chapel” of the west wing 
of the Smithsonian building has been practically completed, and I 
would especially urge that the balance of this appropriation, unex- 
pended, by reason of a limiting clause introduced in the act, on account 
of which the money is not available for certain repairs originally con- 
templated, should be now made available by Congress for increasing 
the storage room in the east wing of the building, and at the same 
time that certain rooms be fitted for the special needs of the Govern- 
ment Exchange Bureau, now occupying rooms in the Main Building, 
urgently needed for other purposes. . 

The new buildings erected or in progress of erection for the collec- 
tion of living animals, being all in the Zoological Park, are mentioned 
in the report upon the park. 


RESEARCH. 


In pursuance of the long established policy of the Institution, finan- 
cial aid has, during the past year, been extended to original investi- 
gators in the domain of science, and considering the modest sum that 
it has been found possible to devote to this purpose, the results are 
gratifying. 

The subscription for twenty copies of the Astronomical Journal, 
which are distributed abroad as exchanges of the Institution, has been 
continued. 

To the Lick Observatory, through its director, Prof. Holden, an addi- 
tional grant has been made for the continuance of experiments in lunar 
photography. 

Prof. #4. W. Morley is still engaged in his determinations of the 
density of oxygen and hydrogen, for which some special apparatus has 
been provided by the Institution. 

Mention has been made in previous reports of the aid extended to 
Prof. A. A. Michelson, of Clark University, in his experiments with the 
refractometer, and in the determination of a universal standard of 
length founded on the wave length of light. In furtherance of the 
latter project, the Institution will, during the coming summer, send one 
of its scientific staff to assist Prof. Michelson in his investigations 
under the auspices of the International Bureau of Weights and Meas- 
ures in the laboratory of the Bureau at Sevres, France. 

Both these latter investigations refer to fundamental constants of 
nature, and their results promise to be of wide and lasting importance. 

Allusion was made in my last report to aid extended to Dr. Wolcott 
Gibbs in his investigations of the physiological action of chemical com- 
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pounds. These investigations are now completed, and have resulted 
in a substantial contribution to this branch of science. 

Astro-physical Observatory.—The Smithsonian Astro-physical Ob- 
servatory still occupies the temporary wooden shelter upon the grounds 
just south of the Smithsonian building, and the money given to the In- 
stitution for the erection of a more permanent building is still held 
while awaiting the action of Congress in providing a site. The ob- 
servatory has received much of my personal attention during the year. 

In statements to Congress and elsewhere some brief official expla- 
nation has been given of the object of this observatory, which, as it 
has not been explicitly given in previous reports, I repeat here in the 
most suecinet manner before entering on any description of the special 
work. 

The general object of astronomy, the oldest of the sciences, was, un- 
til a very late period, to study the places and motions of the heavenly 
bodies, with little special reference to the wants of man in his daily 
life, other than in the application of the study to the purposes of navi- 
gation. 

Within the past generation, and almost coincidentally with the dis- 
covery of the spectroscope, a new branch of astronomy has arisen, 
which is sometimes called astro-physics, and whose purpose is distinctly 
different from that of finding the places of the stars, or the moon, or the 
sun; which is the principal end in view at such an observatory as that, 
for instance, at Greenwich. 

The distinct object of astro-physics is, in the case of the sun, for ex- 
ample, not to mark its exact place in the sky, but to find out how it 
affects the earth and the wants of man on it; how its heat is distributed, 
and how it in fact affects not only the seasons and the farmer’s crops, 
but the whole system of living things on the earth, for it has lately 
been proven that in a physical sense, it, and almost italone, literally first 
creates and then modifies them in almost every possible way. 

We have however arrived at a knowledge that it does so, without 
yet knowing in most cases how it does so, and we are sure of the great 
importance of this last acquisition, while still largely in ignorance how 
to obtain it. We are, for example, sure that the latter knowledge 
would form among other things a scientific basis for meteorology and 
enable us to predict the years of good or bad harvests, so far as these 
depend on natural causes, independent of man, and yet we are still 
very far from being able to make such a prediction, and we cannot 
do so till we have learned more by such studies as those in question. 

Knowledge of the nature of the certain, but still imperfectly un- 
derstood dependence of terrestrial events on solar causes, is, then, of 
the greatest practical consequence, and it is with these large aims of 
ultimate utility in view, as well as for the abstract interest of scien- 
tific investigation, that the Government is asked to recognize such 
researches as of national importance; for it is to such a knowledge of 
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causes with such practical consequences that this class of investiga- 
tion aims and tends. 

Astro-physics by no means confines its investigation to the sun, 
though that is the most important subject of its study and one which 
has been undertaken by nearly every leading government of the civil- 
ized world but the United States. France has a great astro-physical 
observatory at Meudon, and Germany one on an equal scale at Pots- 
dam, while England, Italy, and other countries have also, at the na- 
tional expense, maintained for many years institutions for the prosecu- 
tion of astro-physical science. 

It has been observed that this recent science itself was almost coeval 
with the discovery of the spectroscope, and that instrument has every- 
where been largely employed in most of its work. Of the heat which 
the sun sends, however, and which, in its terrestrial manifestations, is 
the principal object of our study, it has long been well known that the 
spectroscope could recognize only about one-quarter—three-quarters 
of all this solar heat being in a form which the ordinary spectroscope 
can not see nor analyze, lying as it does in the almost unknown “ infra- 
red” end of the spectrum, where neither the eye nor the photograph 
canexamineit. It has been known for many years that it was there, and 
we have had a rough idea of its amount, with an almost total incapacity 
to exhibit it in detail. Our imperfect knowledge of this region is at 
present represented by a few inadequate types of parts of it given in 
drawings made by hand, where the attempts to depict it at all are even 
to-day more crude than the very earliest charts of the visible spectrum, 
made in the infancy of spectroscopic science. 

One of the first pieces of work which this observatory has under- 
taken is to explore and describe what may be properly called “this great 
unknown region,” by a method which the writer has recently been able 
to bring to such a degree of success as to give good grounds for 
its continuéd prosecution and for the hope that a complete map of this 
whole region will shortly be produced by an automatic and therefore 
trustworthy process, showing the lines corresponding to the so-called 
Fraunhofer lines in the upper spectrum. 

The first¢year’s work of any such observatory must ordinarily con- 
sist largely in perfecting its apparatus and determining its constants, 
but a portion of this necessary labor has been deferred in favor of this 
principal task, of which it is hoped that another year will see the es- 
sential completion. In this, the present principal scientific work here, 
all resources of the observatory are, then, for the time being engaged. 

I have acknowledged in a previous report the valuable assistance of 
Prof. C. C. Hutchins, of Bowdoin College, who efficiently aided in in- 
stalling the apparatus. Prof. Hutchins was obliged to leave in Aug- 
ust. On the 16th of November Dr. William Hallock was appointed 
senior assistant. 

At different times during the year, there have been employed as 
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assistants Mr. ©. A. Saunders, Mr. C. T. Child, and Mr. F. L. O. Wads- 
worth. A photographer and a laborer complete the present force of 
the Observatory. 

In the latter part of the year, Dr. Hallock, to my regret, advised me of 
his proximate call to another duty, and the work was later left tempo- 
rarily in the charge of Mr. Wadsworth, who had joined the staff in June, 
but who was sent to Europe in July, for the purpose, elsewhere feted : 
to, of contributing to the work of establishing a wave-length standard 
under Professor Michelson. The labor has been carried on under the 
disadvantages of these interruptions, and also under others of another 
kind, due to the fact that the extremely delicate apparatus, which is 

used in a perpetually darkened room, is, by reason of the location of the 
temporary observatory shed, in proximnies to traffic-laden streets, where 
there is danger that the passing vehicles affect the accuracy of the ob- 
servations both by earth tremors and by magnetic disturbances. Not- 
withstanding these latter drawbacks, much better results have been 
obtained than it was supposed could be reached in such a situation, 
and these, as I have said, I trust, another year will enable the Institu- 
tion to make public. 

EXPLORATIONS. 


Several explorations have been carried on during the year by the 
U.S. Fish Commission, resulting in the transfer to the Museum of many 
large and varied collections of zodlogical, botanical, and geological 
material. Dr. W. L. Abbott has continued his work in Asia and has 
contributed collections made in Kashmir. Dr. Edgar A. Mearns,of the 
International Boundary Commission, has sent several large collections 
of natural-history specimens obtained near the border line between the 
United States and Mexico. Mr. P. L. Jouy has made important col- 
lections in Arizona and New Mexico. Collections of the fishes of Nica- 
ragua have been received from Mr. C. W. Richmond. 

Mr. W. W. Rockhill, the distinguished traveler, whose previous ex- 
plorations have been mentioned in my reports and who has already 
deposited in the Museum very valuable collections which he made illus- 
trating the religious practices, occupations, and amusements of various 
peoples in different parts of China, Thibet, and Turkestan, has started 
upon a second journey to hitherto almost unknown parts of Thibet, 
with such aid (much more limited than I could wish) as it was possible 
for me to afford him. From his known qualities as an explorer it may 
be confidently expected that his journey will result in important con- 
tributions to our knowledge of this country. 


PUBLICATIONS. 


The number of publications during the year has been about the same 
as in preceding years. 

As has been frequently stated, the publications of the Institution 
proper are of three classes: First, the series of “ Smithsonian Contribu- 
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tions to Knowledge,” in quarto form, comprising original memoirs of 
researches believed to present new truths, and which, as required, 
are liberally illustrated with figures or plates; secondly, the series of 
‘Smithsonian Miscellaneous Collections,” in octavo size, containing 
Special reports, systematic lists of synopses of species, etce., whether 
from the organic or the inorganic world, instructions to naturalists for 
coliecting and preserving specimens, special bibliographies, tabulated 
results, and other aids to scientific investigation not generally requir- 
ing illustrations; and lastly, the series of “Smithsonian Annual Re- 
ports,” presenting to Congress, through the Secretary, the condition of 
the Institution, accompanied, under the early plan of Professor Henry, 
by scientific articles from competent writers, either original or selected, 
but as arule in untechnical terms, representing the advances made in va- 
rious departments of research and frequently admitting of illustration by 
plates or figures. These articles are intended to be of interest not alone 
to the correspondents and collaborators of the Institution, but to that 
large number of the educated public who follow such statements with 
profit when they are presented in popularly intelligible form. 

Smithsonian Contributions to Knowledge.—The only publication of the 
year in this series is a memoir detailing the results of original experi- 
ments in aérodynamics by the Secretary,* and occupying 115 quarto 
pages, llustrated with 11 figures and 10 plates. 

Smithsonian Miscellaneous Collections.—The number of titles in this 
series during the year is 47, of which none seem to call for any partie- 
ular comment. 

Smithsonian Annual Report.—l have referred in my report for 1889 
to a modification of the plan on which the Appendix was prepared. 
From 1880 to 1888 the Appendix was chiefly devoted to an annual sum- 
mary of progress in various branches of science. The growing ineffi- 
ciency of this summary, due to causes elsewhere mentioned, led me to 
return inthe report for 1889 to the earlier plan of Prof. Henne which 
was to present a selection of papers by eminent, or at least competent, 
expositors, chosen from the scientific literature of the year. This modi- 
fication, or rather this return to the method of the earlier reports, 
has been continued, and seems to meet with general appreciation at the 
hands of the correspondents of the Institution and others to whom the 
reports are sent. The report for 1890 issued during the year embraces 
a considerable range of scientific investigation aa discussion. Many 
of the papers are the work of distinguished investigators, and all are 
presented in untechnical language so as to interest the largest number. 

Lunar photographs.—l have devoted considerable thought to a plan 
for publishing a work on the moon, which shall represent the present 
knowledge of the physica features of our satellite. <A Sey oe ue 


* Resolved, That the Socrates of Ais Seon Teuton be Ponucsted. to con- 
tinue his researches in physical science, and to present such facts and principles as 
may be developed for publication in the Smithsonian Contributions. (Journal of 
Proceedings of Board of Regents, January 26, 1847. ) 
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surface of the moon is of special and growing interest to geologists, 
who have rarely access to the largest class of telescopes, and what we 
know of it is derived very largely from maps made from eye-studies by 
astronomers. 

Within a few years photography has been used with such increasing 
advantage in this interesting field, that it is believed by those compe- 
tent to express an opinion, that photographs can shortly be produced 
which will exhibit in a permanent form everything that a trained eye 
can recognize at the most powerful telescope. If this surprising result 
be not actually obtained, I am of opinion that it is attainable; and I 
have proposed to procure, through the association of the Smithsonian 
Institution with some of the leading observatories of the world, a series 
of photographic representations of hitherto unequaled size and defini- 
tion, which shall represent the moon’s surface as far as possible on a 
definite scale, and entirely without the intervention of the draftsman. 
Photographs of the moon made at the Harvard, Lick, and Paris obsery- 
atories have been piaced at the disposition of the Smithsonian Institu- 
tion for publication, and: it is intended to issue a series of them accom. 
panied by explanatory text. Whether this considerable work shall 
appear as one of the regular series of ‘Contributions to Knowledge,” 
or as a special publication in a more limited edition, has not yet been 
decided. 

Smithsonian Tables.—The meteorological and physical tables, originally 
prepared by Dr. Guyot and first published in 1851, have been in such 
demand that they have already passed through four editions. The last 
edition was exhausted several years ago, and in considering the advisa- 
bility of issuing a fifth edition, it was determined in 1887 to revise the 
tables to conform to the present state of our knowledge. The work has 
been divided into three parts, meteorological, geographical, and physi- 
cal, each one being independent of the others, but the three capable of 
forming a homogeneous volume. 

In carrying out this plan I was able to secure the assistance of Prof. 
William Libbey, jr., of Princeton, under whose editorship the last edi- 
tion was issued in 1884, and Prof. Libbey, devoting gratuitously such 
time to the work as he could command from his engrossing college duties, 
prepared the first volume of the series, the ‘Meteorological Tables.” 
The plan of the work was then somewhat modified and a further re- 
vision was made by Mr. G. E. Curtis, who was at the time employed upon 
other work at the Smithsonian Institution, and by the end of December, 
1891, the manuscript was essentially ready for the printer. Since that 
timeit has been passing through the press, and it is hoped that the volume 
will be entirely finished by the close of the present calendar year. 


SMITHSONIAN INTERNATIONAL EXCHANGE SERVICE. 


The international exchange service, through which the Smithsonian 
Institution is known to most of the large libraries and to a vast num- 
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ber of scientific men throughout the world, has received such attention 
in my recent reports that it seems unnecessary to dwell upon it at 
length here. 

The work of the bureau continues to increase, and in spite of many 
labor-saving devices in the clerical work suggested by experience, it will 
be impossible to meet all the demands made for transportation of doc- 
uments unless some considerable increase is also made in the amount 
appropriated by the General Government in the near future. 

The United States Government has undertaken, by a treaty formu- 
lated at Brussels in 1886, and finally proclaimed by the President in 
1889, to carry on a system of international exchanges. These various 
countries adhering to the treaty have formally agreed each to. estab- 
lish a bureau charged with the duty of attending to the exchange of 
official documents, parliamentary and administrative, which are pub- 
lished in the country of their origin, and the bureaus of exchange will 
furthermore serve as intermediaries between the learned bodies and 
literary and scientific societies of the contracting States for the recep- 
tion and transmission of their publications. 

In transmitting abroad each State assumes the expenses of packing 
and transportation to the place of destination, but when the transmis- 
sions are made by sea, special arrangements regulate the share of each 
State in the expense of transportation. 

The Smithsonian Institution, having since 1850 conducted an ex- 
change service with means of communication over the entire world, has 
been charged by the United States Government with the conduct of 
its own exchange business, and appropriations for the purpose have 
accordingly been made of late years to the Institution, covering at 
present the greater part of the expense. The deficiency arising each 
year has been met from the Smithsonian fund, and the Institution has 
continued its paid agents in England and in Germany, as these two 
countries have not signified their adherence to the treaty in question, 
but maintain exchange relations with the United States independently 
of other countries concerned in the treaty. By referring to the cura- 
tor’s statistical report contained in the Appendix, it will be seen that 
over 100 tons of books passed through the exchange office during the 
fiscal year, representing 97,027 packages—an increase of 6,361 packages 
over the number handled during the preceding year—while upon the 
exchange books, accounts of publications received and transmitted are 
kept with 20,682 societies or institutions and individuals. The expen- 
ditures upon this account have amounted to $20,310.49, of which $17,000 
were appropriated by Congress, $2,108.44 were repaid by Government 
bureaus, and $30.75 by State institutions and others, leaving a 
deficiency of $1,171.30 to be met by the Smithsonian Institution. 

The expenses, it will be noted, take no account of the rent value of 
the rooms in the Institution occupied in this manner by the General 
Government for exchange purposes, or that portion of the service of 
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the regular officers of the Institution occupied with exchange business, 
and the sum appropriated by Congress would be entirely inadequate 
were it not that the chief ocean steamship companies have, since the 
early days of the Institution, granted the privilege of free freight for 
its exchange boxes. I have repeatedly called attention to the impro- 
priety of further trespassing upon the generosity of these companies, 
the privilege having been originally intended as a direct encouragement 
of the philanthropic aims of the Institution, whereas now a very large 
proportion of the freight thus carried is Government property and the 
service is conducted under an international treaty. 

I may further call attention in this place to the fact that an additional 
treaty made at Brussels in 1886 and proclaimed by the President of the 
United States on January 15, 1889, wherein provision is made for the 
immediate exchange of official journals, parliamentary annals and docu- 
ments, has never been executed. A bill making an appropriation of 
$2,000 for this purpose passed the Senate in 1891, but no final action 
thereon has been taken. 

The amount estimated for the conduct of the exchange service for 
the year 1892~93 was $23,000, a sum which was expected to cover the 
present expense of the Exchange Bureau in a single item, including the 
$2,000 just mentioned. At the close of the fiscal year the Sundry Civil 
Appropriation bill, of which this was an item, had not become a law. 

I desire to mention again here the increasing difficulty of making 
provision for the storage of Government publications not needed for 
immediate transmission abroad. A portion of the building is now de- 
voted to this purpose which is needed more and more each year for the 
more legitimate purposes of the Institution. 

The exchange offices are also needed for the growing reference library 
of scientific books belonging to the Institution, and with a view to re- 
lieving the overcrowded condition of the library by removing these 
offices to the basement, I have urged upon Congress the desirability of 
making available for the purpose, the balance of an appropriation orig- 
inally intended for repairs and alterations to the western part of the 
building, which, by reason of a restricting clause in the appropriation 
act, can not be used for the work first proposed. By the expenditure 
of about $10,000 the basement of the east wing, now damp and some- 
times flooded with water, can be made thoroughly healthy and well 
adapted to the needs of the exchange work. 


In my report for 1890 I stated that there had been expended from the 
Smithsonian fund for the support of the international exchange sys- 
tem, in the interests and by the authority of the National Government, 
$38,141.01 in excess of appropriations, advanced from January 1, 1868, 
to June 30, 1886, for the exchange of official Government documents, 
and $7,034.81 in excess of appropriations from July 1, 1886, to June 30, 
1889, advanced for the purpose of carrying out a convention entered 
into by the United States, or an aggregate of $45,175.82. 
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A memorandum in regard to this matter was duly transmitted to the 
Hon. Benjamin Butterworth, a member of the Board of Regents, in the 
House of Representatives, for the purpose of taking the necessary steps 


to procure a return by Congress to the Smithsonian fund of this last 


mentioned sum, namely, $45,175.82, but I am not aware that action has 
been taken on it. 
LIBRARY. 


The accessions to the library have been recorded as in the previous 
year, the entry numbers in the accession book extending from 225,586 
to 246,109, 

The following statement shows the number of volumes, parts of vol- 
umes, pamphlets, and charts received from July 1, 1891, to June 30, 
1892. 


| Octavo oe Quarto on'| saeare 
| smaller. larger. | Total. 
VWiGUTIENGS | = oa en S505 35-2 cee sea aoe eee Seuss cos cdacdecce 1, 320 | 669 1, 989 
LDS TAISEN Sx) Gh COS 3 7 es SS a 7, 631 16, 098 23, 729 
Te rcei te eR Sg Sec = ae ae ees ge ea 3, 087 502 3, 580 
(CST Ske SoS 3S ene eereee eae sae dbsngeshoohtesescoo2 aeseodecope ae lsesessehas— ese eee Rayan: 621 
eis. . laste 2g ee eee Oa ene eee es a eae eae 29, 928 


Of these accessions, 297 volumes, 6,363 parts of volumes, and 774 pam- 
phlets—7,434 in all—were retained for use in the Institution and Mu- 
seum; and 857 medical dissertations were deposited in the library of 
the Surgeon-General, U. S. Army; the remaining publications were 
sent to the Library of Congress on the Monday following their receipt. 

The reading room continues to be well used; it has only been possi- 
ble to provide room upon the shelves for new periodicals by removing 
to the special libraries under the charge of curators or to the Library 
of Congress such technical periodicals as experience has shown are 
seldom calfed for by general readers. 

The plan detailed in my report for 1887~’88 for increasing the acces- 
sions to the library and for completing the series of scientific journals 
already in possession of the Institution has been continued; the sup- 


plementary work involved by the issue of new scientific journals within 


the last few years has added somewhat to the work originally planned. 

The small collection of books forming what is called “ the Secretary’s 
library” has been added to this year, but is already encroaching upon 
the limited space available for library purposes. These books, as I have 
stated in my previous reports, are mostly, if not exclusively, books of. 
scientific reference, and are, under certain restrictions, available to all 
connected with the Institution. 

I regret to state that Mr. John Murdoch, who has been the efficient 
librarian of the Institution since 1887, resigned lis position on May 
15, 1892. At the close of the year his successor had not been appointed. 
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Tomb of Smithson.—During the summer of 1891, upon the occasion 
of a visit to Europe, I madea special journey to Genoa for the purpose 
of seeing if the place of sepulture of the founder of the Institution was 
properly cared for. The tomb of Smithson is on the hill of San Be- 
nigno, high above the Gulf of Genoa, in a small obscure cemetery, 
whose existence is unknown to most of the people of the city. It is the 
property of the English Government and in the immediate charge of 
the British consul. Smithson’s tomb is a substantial structure, but it 
appears to have had no attention during the sixty years of its existence, 
though other tombs in the small inclosure give evidence of continued 
care. A small sum of money, the interest of which is sufficient to de- 
fray the expense of the care of the inclosure and tomb, was placed to 
the credit of the United States consul at Genoa, who kindly consented 
te take charge of the matter. 

Statue of Prof. Baird.—A. bill to provide for the erection of a bronze 
statue of Prof. Baird in the grounds of the Institution was introduced 
in the Senate by Mr. Morrill, but failed to pass. This was a renewal 
of previous efforts in this direction and the result is particularly disap- 
pointing to the friends of the Institution. 

Statue of Robert Dale Owen.—A bill to appropriate $20,000 for a statue 
to the Hon. Robert Dale Owen, of Indiana, first chairman of the Board 
of Regents of the Institution and one of its staunchest friends, was in- 
troduced in the Senate by Mr. Voorhees and passed, but failed to secure 
favorable action in the House. 

Perkins collection of copper implements.—An amendment to the Sun- 
dry Civil Bill providing for the purchase by the Institution of a further 
collection of prehistoric copper implements belonging to Mr. Freder- 
ick S. Perkins, was proposed, but failed to secure favorable action in the 
House. 

Stereotype plates.—The Institution is possessed of a large collection 
of stereotype plates and engravers’ blocks. An effort has been made 
to arrange these in a systematic manner to facilitate reference, but 
owing to the pressure of routine work, much yet remains to be done in 
this direction. It is the policy of the Institution to permit the use of 
these plates by publishers under reasonable conditions. 

Government collections at Washington.—There was passed during the 
first session of the Fifty-second Congress a joint resolution (H. Res. 92) 
defining the policy of the Government with reference to the scientific 
and literary collections, designed to facilitate the use of such collections 
by students, and to encourage the establishment of institutions of learn- 
ing at the national capital. 

Assignment of rooms.—Pendulum observations by officers of the U.S. 
Coast and Geodetic Survey have been continued in a basement room 
specially fitted for such work. 

The use of the “chapel” of the Smithsonian building was granted 
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to the American Oriental Society as a place of assembly in April, 1892, 
and later to the Art Congress for a loan exhibition of works of Amer- 
ican artists, held during the session of the Congress in May, 1892. 

The Hodgkins gift—In May, 1891, a letter received from Mr. Thomas 
George Hodgkins, of Setauket, N. Y., led to a correspondence in which 
he was advised by the Secretary of the objects of the Institution. At 
Mr. Hodgkins’s request, the Secretary, and subsequently, the Assistant 
Secretary, made several visits to him at his home, and in conversation 
with him learned more in detail his wishes with reference to a proposed 
gift. 

Mr. Hodgkins wished to present to the Smithsonian Institution the 
sum of $200,000, the interest of $100,000 of which was to be used for 
the general purposes of the Institution in the ‘increase and diffusion 
of knowledge among men,” provided that the interest of the other $100,- 
000 should be used in the investigation of the properties of atmospheric 
air considered in its very widest relationship to all branches of science. 

Before taking any steps with regard to this offer, a telegram was sent 
on June 22, 1891, to each Regent who could be reached in this country, 
requesting his individual opinion of the propriety of accepting Mr. 
Hodgkins’ proposition. Favorable opinions having been received in 
answer to this from nearly all the Regents, Mr. Hodgkins later, on 
September 22, at his home on Long Island, placed his gift of $200,000 
in cash in the hands of the Secretary, with the understanding that an 
early meeting of the Regents would be called to consider its formal 
acceptance under the terms which Mr. Hodgkins proposed. 

A meeting of the Regents was therefore called at the earliest day 
practicable (October 21, 1891), and the matter having been laid before 
them in detail, the gift was accepted in the terms of the donor. 

It seems appropriate at this time to make a statement in elucidation 
of Mr. Hodgkins’s wishes as they have been expressed in various 
conferences with the Secretary and the Assistant Secretary. It is not 
his intention that his fund should be applied to special investigation in 
sanitary science, but he desires rather that the standard of work 
should be primarily in relation to the demands of pure science, believing 
that application in many directions would follow. He has spoken of 
the experiments of Franklin upon atmospheric electricity as one of the 
investigations which, if carried on at the present day, would be 
germane to his foundation; and has, in further illustration of his 
meaning, also referred to the prize awarded by the French Academy of 
Sciences to Paul Bert for his discovery in regard to the influences of 
oxygen on the phenomena of vitality, as appropriate to his own pro- 
posed foundation. His great interest in the diffusion of knowledge 
concerning air grows out of his belief that the air is of the highest 
importance to man in every aspect of his physical and mental condition, 
and he hopes that his gift will stimulate scientific investigation of the 
highest order by the best minds, believing that by this means the 


H. Mis, 114-——2 


18 REPORT OF THE SECRETARY. 


attention of mankind may best be concentrated and kept concentrated 
on the importance of the subject. He has expressed a hope that it 
might be thought advisable to offer some very considerable prize, 
which, being published to the entire world, would by its magnitude call 
attention to the subject in which he was so much interested. 

Much consideration nas been given to the question as to how the 
donor’s wishes may best be carried into effect, for no small difficulty 
arises from the universality of the application of his foundation, since 
manifestly there is no branch of natural science which is not affected 
by it. Meteorology, hygiene and related subjects are most obviously 
concerned, while others, though less obviously, are no less immediately 
connected, such as geology, for instance, which has for its field the 
crust of the earth, now recognized as being largely formed of atmos- 
pheric deposits and molded by atmospheric influences. This is only 
an instance of what we find in the case of nearly every one of the 
whole circle of sciences, biological and physical, all of which appear 
on examination to be affected by our knowledge of the atmosphere in 
a very real and important sense. 

In order to secure the advice and co-operation of scientific men 
throughout the world, letters were addressed to a number of eminent 
specialists, stating the circumstances of Mr. Hodgkins’s gift to the 
Institution, and explaining his wishes. The following letter is an 
example: 


Siz: I have the honor to inform you that a bequest has been made 
to the Smithsonian Institution by Mr. Thomas G. Hodgkins, the income 
of a portion of which is to be devoted to the increase and diffusion of 
more exact knowledge of the nature and properties of atmospheric air. 

In carrying out the donor’s wishes, it is proposed to offer a number 
of prizes for scientific investigations of a high order of merit bearing 
upon the properties of the atmosphere, to be awarded without regard 
to the nationality of the author. 

While hygiene will occupy a prominent place, it is not intended to 
limit these prizes to any single class of investigations, however im- 
portant, but to extend them over the whole field of the natural sciences, 
as far as these may be regarded as related to each other through the 
atmosphere as a common bond. 

In illustration of my meaning, I may instance as proper subjects for 
investigation— 

1. Anthropology, considering man himself as modified by climate, 

and his arts as affected by the atmosphere; 

2. Biology, in connection with the atmosphere as a fountain of life; 

3, Chemistry, in its many obvious relationships to the subject; 

4. Electricity, considered in connection with atmospheric electricity ; 

5. Geology, considered in connection with the action of the atmos- 

phere in its formation and deformation of the surface of the 
planet; 
and so on through almost the whole circle of the sciences. 

I now write to ask if you will kindly suggest the nature of the prin- 
cipal relationships existing between physics and the atmosphere, and 
indicate one or two subjects arising out of these relations which you 
consider to be proper for prize essays. 
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T shall also be glad to know if you will consent to be a member of a 
committee to award such a prize, if given, and to learn from you in 
the same connection of any important research, germane to your own 
studies, that would be materially advanced by a grant from the funds 
now available under this liberal construction. 

In further illustration of my meaning, I take the liberty of inclosing 
a copy of a reply made to me in answer to a similar inquiry concerning 
the science of anthropology, which I do merely to show more clearly 
the character of the information I desire. 


The following was the inclosure. It is an answer by a distinguished 
anthropologist to a similar question, and was inclosed as an illustration 
of the fact that the terms of the Hodgkins donation apply even to sci- 
entific matters which may appear at first sight disconnected with the 
subject (7 e. to anthropology), but which upon consideration are seen 
to be intimately related to it: 


DEAR SiR: In reply to your inquiry concerning the relations existing 
between anthropology and the study of the atmosphere I beg leave to 
say that the natural history of man takes into consideration :— 

(1) Man, as modified by climate. 

(2) His arts as occasioned and affected by the atmosphere. 

As to the first, the atmosphere, through climate, elevation, etc., upon 
man considered as an animal, is believed to have affected his bodily 
form and stature, the color of his eyes, hair, and skin; his longevity, 
fecundity, and vigor, and therefore to have been the most potent factor 
of all in producing those varieties of our species called races, and to be 
at the foundation of these problems whose discussion constitutes the 
science of ethnology. 

As to the second, most of the arts and activities of man depend upon 
the atmosphere for their suggestion and methods. For example, his 
habitations, clothing, and the common occupations of his daily life are 
most obviously controlled by his atmospheri¢ surroundings, which make 
him in the Arctic regions a hunter of furs, dwelling underground; in 
the temperate zone a farmer, dwelling in houses; in the tropics a 
hunter of ivory, dwelling in open shelters from the sun. 

Permit me to observe further, that the study of the air can not be 
omitted in connection with the science of sociology. Even philology 
draws its material and perhaps derives it forms largely from the atmos- 
phere, and the primitive philosophies and mythologies of the world are 
filled with imagery and theories derived therefrom. Therefore in select- 
ing, at your request, from the relationships of the atmosphere to the 
science of anthropology in general, two or more subjects for prize 
essays, [ have only too much scope. ; 

After much consideration I would propose to suggest that a prize of 
not less than $1,000 should be offered for an essay upon one of the fol- 
lowing topics: 

1. The relation of atmospheric phenomena to the cosmogenies, 

creeds, and cults of all peoples. 

2, Atmospheric changes as determining the forms of primitive so- 
ciety, family and tribal organizations, etc. 

3. As between the monogenistic and the polygenistic theory of the 
origin of man, what light is thrown upon the question by a study 
of atmospheric influences upon man’s physical constitution. — 

4, Atmospheric influences and phenomena as affecting constructive 
and decorative architecture. 
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These essays should be presented within a specified time and sub- 
mitted to the judgment of a committee, of which I should be willing 
to be amember. Notice of this prize could advantageously be made 
public through the following special journals: L’Anthropologie, Paris; 
Archiv fiir Anthropologie, Braunschweig. 

In regard to your inquiry as to any important research germane to 
the subject in which I am personally interested, which would be ad- 
vanced by a grant of money, I beg leave to say that Iam at present 
hindered from pursuing my investigations into the influence of climate 
and other atmospheric phenomena in bringing about the distribution 
of tribes and stocks of North American aborigines at the time of the 
discovery, by the need of a small sun of money which might be placed 
at my disposal. If I had $500 unfettered by conditions, I could within 
a year’s time undertake to bring together the elements for the solution 
of this problem, which has puzzled for so many years students of 
ethnology and philology. 

{ ain, very respectfully yours, 


S. P. LANGLEY, Esq,., 
Secretary Smithsonian Institution, 
Washington, D. C. 


As soon as the attention of the public had been direeted to Mr. 
Hodgkins’s gift, numerous applications for assistance from the fund 
were made, and I deemed it advantageous to appoint a special advisory 
committee, to which might be referred matters pertaining to the 
Hodgkins fund. This committee was composed of Surgeon John 8. 
Billings, U.S. Army, Director of the Army Medical Museum, in behalf 
of hygiene and the related sciences; Prof. F. W. Clarke, chemist of 
the U. 8S. Geological Survey; Mr. William H. Dall of the U. 8. Geolog- 
ical Survey, well known for his biological and. anthropological studies; 
Prof. William C. Winlock, in behalf ot astronomy and physics, and the 
Assistant Secretary of the Institution, Dr. G. Brown Goode, who acted 
as chairman. The committee has held several meetings, and I desire 
at this time to express my high appreciation of the value of the work 
which they have already done, both as a committee and individually. 
At the close of the year, the committee had under consideration, at my 
request, a form of circular to be issued to learned institutions and in- 
vestigators throughout the world, calling attention to the establish- 
ment of the Hodgkins fund, and announcing certain prizes which it is 
intended to offer for essays upon specified subjects. 


THE NATIONAL MUSEUM. 


I took occasion in my last report to invite your attention to the fact 
that the very rapid growth of the collections of the Museum was be- 
coming, under existing circumstances, a source of great embarrass: 
ment, The difficulties of the situation have increased during the past 
year, since, while the influx of specimens has continued, no additional 
space has been provided for their reception and only an insignificant 
additional sum of money for their maintenance. 
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This unsolicited increase of the collections should properly be a 
source of gratification rather than of embarrassment. Growth is essen- 
tial to the welfare of a museum, and to check it is sure to produce un- 
fortunate results. It seems undesirable to say to the friends of the 
Museum that their valuable donations can not be received. Such a 
course would alienate their sympathy, and the Museum would lose the 
advantage of their good offices. Under existing conditions, however, 
the necessity of resorting to so undesirable a measure is perilously 
near. The increase of the collections from certain other sources can 
not even thus be checked. 

Large collections are made every year by the Department of Agri- 
culture, the Geological Survey, the Fish Commission, and other De- 
partments and Bureaus of the Government, either as an essential part 
of their work or incidentally. By provision of law the Museum is made 
the custodian of these collections, and it can not, therefore, do other- 
wise than to receive and preserve them. 

Many valuable objects are exposed to dust and vandalism from the 
lack of sufficient money to procure the necessary cases for their protec- 
tion. Series of objects, such as the great Lacoe collection of fossil 
plants, recently acquired, are frequently offered with the condition that 
suitable cases be provided. Jor the safe-keeping of the objects already 
in the possession of the Museum and for the reception of those offered, 
numerous storage and exhibition cases are a necessity. 

The number of specimens of all kinds in the Museum at the close of 
the year, as shown by the following table, nearly equalled three and a 
quarter millions. The increase for the year was about 260,000 speci- 
mens, or nearly double that of 1891, 


Table showing the annual increase in the departments of the National Museum. 


Name of department. 1882. | 1983. | 1884. () 1885-86. | 1886-87. 
Art and industries: | | 
Materia caedica=--s-s2cs02- = 22 sse Steet Noose scene 4, 000 4, 442 | 4, 850 5,516 
SOO Sone en REE Anan See ee cae sine a creas aia nine | 1, 244 1, 580 | 822 877 
TIEve SIRES: So) ose 5554605 Saas ego saeePeedse Jel peee See ees aa ssc 5Roee 2, 000 | 3, 063 8,144 
Hisheriés 2-2:---------- 6 SRE Se ee eee 5, 000 9,870 | 10, 078 
PALANAN PVOCUCUS aa stesso a ae elas Al arora eee: 1, 000 2, 792 27822 
Graphic arts----.-------<..= PRES abn AOS | RE eEneEoes Gceeeetteee Pee Roca cet POnmer Sacer ia i Adnccras one 
Transportation and engineering........-)---------- netics saa linmaneeoeec beguaetac ivete noes 
Navallarchitecturesees. so. a: ss2nc-s- eacente ORRaaase GOO Mee caeals sen arala Sra ple,alsers ato's 
TS bieirase Veen SOIR) ae Qo nos aOnn Aabaeaengenana|Sasenseoce pees screorete eee Aree se 1, 002 } i eke 
Coins, medals, paper money, etc.-....0...|..s22--- +4) --25--<e0e|- ee nee sees | 1, 005 
Musical instruments... ... 2 sgn c ee eae | oe cee oe | eae ee ee Geel mee | 400 | 417 
Modern pottery, porcelain, and bronzes..|..-.------ | SOP ot Sac eee ees | 2, 278 2, 238 
RSE UNGER 20 Bap ABSORB a BaeEma een 350] Sener A Ge Sn Deena Hoan oare 77 100 
SETS ONO abLLIN Gralbeniyt 2) verars/erata einem Be a aiatate linea sa «mio 07 ewanoat ee euater arena 500 500 
Physical apparatus...--...- Meee shea? ee coche Bien Writ oaFie RA eer | 250 251 
Oils and gums .-.--. Pe ae eee Gereessee hon ie b, aeeeaees 197 198 
659 661 


@hemical products: 22-2 2225- -\- ssoee denn Sept OED Ut oo eS Pee eee 
OMOSUIC ANIMALS sec \steie ns aren eel = = = | ome mandeceode p25) a Spas HERaeeS | Se eeeea eer oee 
1No census of the collection taken. 
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Table showing the annual increase in the departments of the National M. useum—Continued, 


| 
Name of department. | 1882. 1883. 1884. | (') 1885-'86. | 1886-’87. 
bh mology tonic. tsi a etc ynce SA ae eee ore ae 200,000 » 500, 000 503, 764 
American aboriginal pottery.........------+- | ei M iaes EROS he 12,000 25, 000 26, 022 
Onentaltantiquitiesssssseees eee sae eee ee |pebee soon poeessosoS ee SO Aes cot was SamnAc ees 55 5c 
Prehistoric anthropology ----.---.----------- | 35, 512 40, 491 45, 252 | 65, 314 101, 659 
Mammals (skins and alcoholies) --..--------- 4, 660 4, 920 5, 694 | 7,451 7,811 
EAP OS eee ater foe a os wah ere ieO ae see e.ceieie _ 44, 854 47, 246 50, 350 | 55, 945 54, 987 
Birds’ eggs and nests..........--.--- i Lew |< ab ete per ee 40, 072 | 44, 163 48, 173 
Reptiles and batrachians ....-......----..--- MistobeiveeS| ete eee 23, 495 | 25, 344 27, 542 
Sh 6S ena c- seks anes Soe ea joe abe ee ' 50,000 65, 000 68, 000 | 75, 000 100, 000 
WiertebratetOSSis s.cses se A ee ee | 0 ee alee ee RPE RMS reds, 1 ites Ret 
Mollosks>; sos: Scocese -= sce sa5 ses ences ese eee SESH eee Se 400, 000 | 460, 000 425, 000 
TEAC Tae ee es aR See deat ete Ng SR SOOO Vite esabee ns 151,000 500, 000 585, 000 
Marineunyertobrates =: - <2 sescstenlens sence 11, 781 14, 825 200, 000 | 350, 000 450, 000 
Comparative anatomy : 
(ORiG0) Wie da co Sobap et Sane SOROS SOGASe 3, 535 | 3, 640 4, 214 } 10,210 i 11,022 
PAM ATOM tyne sent nee ee eee meerueee ct 70 | 103 3, 000 
Paleoz0ic fOSsilsis. 2 ~ ase soe = sec oes aes =e 2 | eee | 20, 000 73, 000 80, 482 84, 491 
INSULATORS 5.52 bas connotseadetoosuatodaloosseesee [en eee 100, 000 69, 742 70, 775 
CWONOZOIG TOSSING aah ce ease een one eet eerie (Included with mollusks.) 
Rossiliplantsiavacc =o cce ccc esse see nesses cates eee esac 4, 624 | 7, 291 j 7, 429 8, 462 
Recent plantsi(@)ico- aoe. sens nese ae ace ee eee eerie a eee ea ae ees 30, 000 32, 000 
Mineralatcs <o2ee ees acon ae ose eet ood Dee eee | 14,550 / 16,610 | 18, 401 18, 601 
Lithology and physical geology. .-..----..--- 9,075 | 12,500 | 18, 000 | 20, 647 21, 500 
Metallurgy and economic geology -.....-.-.-.|---------- 30, 000 | 40, 000 | 48, 000 49, 000 
Hhivain gyanim alse ee os eee ees ae ee eer See aetna eer eres \Papeetardsae issonucdersaqiseesooasoos 
Totals we cate ect eee ee 193, 362 | 263,143 | 1,472,600 | 2,420,944 | 2, 666, 335 
| | 
Name of department. | 1887-'88. | 1888-89, (#)1889-’90.; 1890-’91. | 1891-92. 
lez | = — 
Arts and industries: 
Materin medita 22. 20e.c 8. el ees | 5, 762 5,942 | (4) 5,915 6, 083 | 6, 290 
Mapdacect. oi 4.1 occa tata ia ee | 877 | 91l 1,11 1,101 | ia 
DOxtiles\s fig ..2sce cae hes ae eee ee | 3, 144 3, 222 3, 288 3, 288 3, 288 
PISHOTICS Fes cen- eae ee ta en eel 10, 078 10, 078 10, 080 10, 080 10, 080 
AnimalisproduCtse-2-5-:-0 eet eeeeeten 2, 822 2, 948 2, 949 2, 994. 2,994 
GraphiGiarts coe 5)0¢ 202s eA ise ee eee ioe Deore Jovcecec eee] (®) 600 | 974 1,174 
Transportation and engineering ....-..-. eae ee Tee cokes (®) 1, 250 1, 472 1, 737 
Navalearchitecture) 2. = eee. = =a eee eeereee | 600 (8) 600 : (8) 600 600 
Hustoricali relics pees. sea tee peer ee eee 12 eI) igo rane lina : 
Coins, medals, paper money, etc..-...--- | 5 y a at 200 goo | 267200 
Musical instruments -................-.- | 427 427 447 542 | 636 
Modern pottery, porcelain, and bronzes.| 3,011 | 3,011 3, 132 3, 144 | 3, 232 


1No census of the collection taken. 
2Up to 1890 the numbers have reference only to specimens received through the Museum, and do 
not include specimens received for the National Herbarium through the Department of Agriculture. 
The figures given for 1890-91 include, for the first time, the number of specimens received both at the 
National Museum and at the Department of Agriculture for the National Herbarium. 
3The actual increase in the collections. during the year 1889-90 is much greater than appears from a 
comparison of the totals for 1889 and for 1890. Thisis explained by the apparent absence of any increase 
in the department of lithology and metallurgy; the total for 1890 in both of these departments com 
bined, showing a decrease of 46,314 specimens, owing to the rejection of worthless material. 
4Although about 200 specimens have been received during the year, the total number of specimens 
in the collection is now less than that estimated for 1889, owing to the rejection of worthless material. 
>The collection now contains between 3,000 and 4,000 specimens. 


®No estimate of increase made in 1 


890 or 1891. 
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Table showing the annual increase in the departments of the National Museum—Continued. 


Name of department. 1887-88. 1888-'89. | (1)1889-’90.| 1890-'91. | 1891-’92. 

Arts and industries—Continued. 

TEESE VOUT EGG a en 100 | 109 | 197 197 197 

“The Catlin Gallery” ..................- 500 | 500 ee ee) 

Physical apparatus......................| 251 | 251 | 263 273 273 

(QA EEES i RE Se oe ee 7 ee rr 198 213 | " 

Chemical proauctss .~..-...2-.--~a..se0552 661 688 | 5 ae eeh Sa Be 

Domestic animals: <6. - 00. . S22 ate oe - See ere nce Os 66 $7 | 103 
TETRA (> SS a ea ea | 505, 464 506, 324 508, 880 | 510, 630 | 512, 871 
American aboriginal pottery...-..-....-...-- le 27/122) | 98,909 29, 269 30, 488 32, 305 
OhironiaW an iiGnibies 22 aso soe EN Sir ee | 850 3, 485 3, 487 3, 487 
Prehistoric anthropology. ....-.-.-...---.-.- | 108, 631 116,472 | 128, 677 | 127,761 |~ 137,087 
Mammals (skins and alcoholics) -.....-.-.... 8, 058 | 8, 275 8, 836 9, 301 10, 887 
TERS Sap Ae Os ai A ee, oye 5 ee 56, 484 57, 974 60,219 | (3)62, 601 68, 416 
iBindsvepps and mésts.<2 45-22. 25256-55253 50, 055 50, 173 51, 241 52, 166 58, 260 
Reptiles and batrachians .................--. | 27,6041 28 405 29, 050 29, 935 30, 939 
TVET RO SS 38 Scien caesar | 101, 350 | 107,350 | 122,575 | 127,312 129, 218 
ACT] GPs gio Ryo) se ee i a eS ee ae ie Ne cles SRE (4) 512 521 1, 582 
NFOUIUISKG Sees neenes eM ods le See voce cle Ske 455, 000 | 468, 000 471, 500 476, 500 482,725 
PESO CUS ss teert emis. = aise < 25. oa yas Shing Shee Sud 595, 000 | 603, 000 618, 000 630, 000 646, 500 
Marinoinvertebrates .....---..2-:0..2+0<-2::- | 515,000} 515,300 520, 000 526, 750 533, 870 
Comparative anatomy : 

ISLC OLO Daye eteo ee ae enon eine acre ap ? pe - ee 

ae oO RR ER Pike g 11,558 | 11,758 12, 326 | 12,981 (°) 12, 555 
NpAleOZOICOSHIIS Ges «oc Soeetit- 22 eo hes eae 84, 649 91,126 | 92,355 | _- 92, 970 | 93, 839 
MICSOZOICMOSSUURE somo cea setae so ans ees cs 70, 925 71, 236 71, 305 | 79, 754 | 82, 853 
RGN O ZOMG OSSULS ete ta eele oie. ies awe en pois (Included with mollusks.) 
Hossileplanis ees a. ous koh ees eee 10,000 | 10,178 10,507; 10,685 | 110, 685 
PRO COMIN LATS (0) ties otter ua = ile iene mae )atnie 38, 000 | 38, 459 39, 654 80, 617 134, 001 
Witirrorial Saeco ne ee 21, 896 27, 690 37,101 | 44, 236 48, 357 
Lithology and physical geology.-.-..--..----- 22. 500 27, 000 | 2 
Metallurgy and economic geology. .....-.---. 51, 412 | 52, 076 | 5 paiee Be TCH ae) So ckey 
IRENA ATID IE) Besar see 9 Sy ee er eae rae | 22 ON emuen (8) e401Un| eae a eee Be tases Re Sree Fae 

Total -...-......-4.--.--.----.,--»!-.-| 2,803, 459 | 2,864, 244 | 2,895, 104'| 8,028,714 | 3, 226, 941 


! The actual increase in the collections during the year 1889-'90 is much greater than appears from a 
This is explained by the apparent absence of any increase 
in the depart ment of lithology and metaliurgy; the total for 1890 in both of these departments com- 
bined, showing a decrease of 46,314 specimens, owing to the rejection of worthless material. 


comparison. of the totals for 1889 and for 1890. 


2TIncluded in the historical collection. 


?The total number of specimens in the department of Birds in 1890-’91 was 62,806 instead of 62,601. 
4Only a small portion of the collection represented by this number was received during the year 


1889-'90. 


5Vhe decrease in this department for the year 1891-’92 


skeletons to the department of vertebrate fossils, 
6 Up to 1890 the numbers have reference only to specimens received througk the Museum, and do 


was occasioned by the transfer of 1,000 


not include specim ens received for the National Herbarium through the Department of Agriculture. 
The figures given for 1890-’91 include, for the first time, the number of specimens received both at the 
National Museum and at the Department of Agriculture for the National Herbarium. 

7Qollections combined in October, 1889, under Department of Geology. The apparent decrease of 
more than 50 per cent of the estimated total for 1889 is accounted for (1) by the rejection of several 
thousands of specimens from the collection, and (2) by the fact that no estimate of the specimens in 
the reserve and duplicate series is included. 

3Transferred to the National Zodlogical Park. 

Norr.—The fact that the figures for two successive years relating to the same collection are un- 
changed, does not necessarily imply that there has been no increase in the collection, but that for some 
special reason it has not been possible to obtain the figures showing the increase. 
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Condition of the exhibition halls—The results of over-crowding are 
evident everywhere in the exhibition halls. The installation of the 
collections and the comfort of visitors are interfered with. It has 
become necessary to narrow the aisles in many halls to such a degree 
that they are almost impassable, and on occasions when unusual nun- 
bers of visitors are in the city, many objects of interest have to be 
withdrawn from exhibition. The unavoidable crowding of the cases 
interferes with the lighting, so that many objects are practically 
hidden from view. 

To relieve the present pressure, as regards space, I have, in address- 
ing Congress, brought forward two propositions. For immediate and 
temporary relief I have recommended the erection of light galleries 
in two of the halls, with the intention of hereafter asking for others of 
the same character. Such galleries, unlike those in the main Smith- 
sonian hall, were provided for in the original plans of the building, and 
can be erected without detracting from the appearance of the halls. 

While these galleries would add materially to the available exhibition 
space, we must look to the erection of a new museum building for more 
permanent relief from the present overcrowded condition. A_ bill 
providing for the construction of a new building has twice received 
favorable action by the Senate, but has failed to pass the House. 

It is greatly to be hoped that both the galleries and also an addi- 
tional building may be provided without further delay. 

Curatorships.—There are now in the Museum thirty-three organized 
departments and sections, under the care of eight curators, paid by the 
Museum, and twenty honorary curators, detailed for special duty from 
different bureaus of the Government. While the latter render very 
important and highly appreciated services, they are, of course, more 
especially occupied with their own peculiar duties, and can not devote 
more than asmall portion of their time to the interests of the Museum. 
The technical character of the duties of the curators renders highly de- 
sirable the employment of a larger paid staff of men who have had 
special training for museum work. In order to secure the serviees of 
such persons, however, and to obtain the best results for the Museum, 
greater inducements should be offered in the way of compensation. 
There are few professors in our colleges who do not receive larger sal- 
aries than it is now possible to pay the curators of the Museum, who, 
nevertheless, in addition to their onerous executive duties as custodians 
of the collections, are expected to furnish scientific information for re- 
plies to the thousand of inquiries received every year. 

It may be added that the proper preservation of the collections often 
entails much manual labor, and in many instances immediate and stren- 
uous efforts are needed to save from entire loss large collections of a 
perishable nature. Urgent work of this kind is not unfrequently per- 
formed by the curators. 

It is most desirable that the scientific staff of the Museum should be 
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permanently identified with it, and this condition can hardly be reached 
unless a majority at least of the curators are paid from its appropria- 
tions. The permanent assignment of the curators to their respective 
departments, with adequate compensation and the absence of extraneous 
duties, would materially advance the work of the Museum on its scien- 
tific side. 

The lack of means to employ a sufficient number of assistants in the 
lower grades causes a large amount of minor routine work to fall on the 
curators, who are capable of rendering services of a higher character. 
On account of this condition of affairs many plans of the greatest impor- 
tance to the Museum are held in abeyance from year to year, or are 
never consummated. 2 

Clerical force.—Allusion has been made in my ‘ormer reports to the 
need of additional clerical assistance in the Museum. This need 
becomes greater every year as the collections increase in magnitude. 
The salaries paid for clerical work are less than in the executive depart- 
ments of the Gevernment and elsewhere, and the Museum on many 
occasions has lost the services of competent clerks, trained in their 
special work, who have been attracted to other fields of labor by higher 
compensation. Some of the departments in the Museum are entirely 
without clerical assistance, and the curators are obliged to devote time 
which could be much better employed, to the simple but necessary 
work of cataloguing and labelling specimens, preparing invoices, and 
unpacking boxes. 

For the safekeeping of the collections, which have greatly increased 
in intrinsic value as well as extent, a larger number of watchmen is 
necessary. The force is now so small that it is difficult to grant the 
usual leaves of absence without exposing the collections to danger. 
It is also with difficulty that the cleanliness of the floors and cases is 
maintained, on account of the limited number of laborers and cleaners 
which the present appropriation will permit the Museum to employ. 

Distribution of specimens.—The distribution of duplicate material to 
educational institutions has been continued as far as practicable. This 
means of diffusing knowledge is one of the most popular features of the 
Museum work, and has been carried on unceasingly for nearly half a 
century, during which time nearly half a million specimens, embracing 
mammals, fishes, marine invertebrates, birds, shells, rocks, ores, min- 
erals, and ethnological objects, have been given to Museums and other 
educational institutions in the United States, while important ex- 
changes with similar institutions abroad have resulted in much good to 
the Museum. This work, too, is now being seriously hindered, owing 
to lack of space for the proper handling and separation of the duplicate 
material, and its classification and arrangement into series for distribu- 
tion. 

The material distributed during the year consisted chiefly of miner- 
als, marine invertebrates, and casts of prehistoric stone implements, 
and amounted to 32,098 specimens. 
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Publications. —There has been unusual activityin the work of this de- 
partment of the Museum during the year. The report for 1889 has been 
published, and the report for 1890 has been put in type. The manuscript 
of the report for 1891 was sent to the Public Printer and is now going 
through the press. Vol. x1ut of the ‘Proveedings” of the National Mu- 
seum has been published. Of the paleny Nos. 39 (Parts A to G), 
41 and 42 have been issued. 

The Proceedings and Bulletins of the National Museum are not “pub- 
lic documents,” hence no part of the edition is regularly apportioned 
for distribution by the Senate and House, or to the legal depositories. 
The edition of 3,000 copies, now printed, is only sufficient to supply in 
limited measure the very urgent requests from public libraries, educa- 
tional institutions, and scientific investigators in the United States and 
throughout the world. A larger appropriation for printing is needed, 
so as to enable the Museum to place a full series of its publications in 
representative libraries in different parts of each State. It is not the 
intention that the annual number of issues of the Proceedings and Bul- 
letins should be increased, but that a larger edition of each should be 
printed. On account of the small edition, the Museum fails to receive 
in exchange the valuable publications of many scientific institutions. 

The amounts hitherto appropriated, though expended with strict 
economy, have been found inadequate. 

Visitors.—The total number of visitors to the Smithsonian building 
during the past year was 114,817, and to the Museum 269,825; total, 
384,642, This is an increase of 13,453 over the previous year. 

Heating and lighting.—The larger part of this appropriation is ex- 
pended for fuel and gas. As has been explained in connection with 
the estimates for previous years, it is necessary for the safety of the 
collection that the buildings should be kept at a nearly even tempera- 
ture day and night throughout the winter. The reduction of this ap- 
priation below the minimum of $12,000 will make a deficiency estimate 
necessary. From lack of fuel, required to maintain the proper temper- 
ature, some of the offices had to be abandoned on several occasions 
during the winter of 1892. The longer the heating apparatus is used 
the less efficient it becomes, and of late it has been necessary each 
successive year to expend a larger sum for replacing worn-out parts. 
The wires of the burglar alarms, watchman’s call boxes, and other 
electrical apparatus, have deteriorated from long use, and need imme- 
diate attention. 

There are at present in use in the Museum building twenty-five are 
lights, and this number is not safficient to illuminate the entire build- 
ing, there being no lights in the courts and an insufficient number in 
the halls. It is thought that with an additional plant, costing about 
$5,000, the building may be so lighted that it can be thrown open 
occasionally to the public at night, to the advantage of those persons 
who are unable to avail themselves of the regular hours of exhibition. 


a 
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The purchase of an additional engine will also render it possible to 
provide against the contingency of total darkness in case of damage 
to dynamo, line, or motor. 

By the appropriation of $5,000 for the removal of decayed wooden 
floors, and the substituting of granolithie or artificial stone pavement 
therefor, it has been possible to complete a much needed improvement 
in several of the halls and courts of the Museum. 

With a view of securing the best pavement possible, as well as for 
the purpose of obtaining for future guidance a practical knowledge of 
the merits of the artificial stone flooring made by different bidders, 
three proposals which did not vary materially in amount, were accepted. 
It will require a greater length of time than has yet elapsed to pro- 
nounce upon the relative merits of these pavements, but they have 
already proved themselves far more satisfactory than the wooden floors 
for which they were substituted, and it is hoped that it will soon be 
possible to put down the same, or some equally durable form of pave- 
ment, in the parts of the museum which still lack this improvement. 

The Worlds Columbian Exposition.—The work of preparing an ex- 
hibit for the World’s Fair in Chicago has been continued during the 
year. A full report of the participation of the Smithsonian Institution 
and the National Museum in this exhibition will be deferred until such 
time as a complete statement can be made. 


BUREAU OF ETHNOLOGY. 


Ethnological researches among the North American Indians have 
been continued by the Smithsonian Institution, in compliance with 
acts of Congress, during the year 189192, under the direction of Maj. 
J. W. Powell, who is also Director of the U. S. Geological Survey. 

The work of the Bureau of Ethnology during the year has been con- 
ducted onthe same systematic plan before explained as in successful 
operation. The authors of the publications of the Bureau prepare 
them from material personally gathered by themselves in the field, 
which is supplemented by study of all the information attainable from 
other sources. 

In addition to the issue during the year of the Seventh Annual Re- 
port and of six other volumes of publications, mentioned under that 
heading in the report of the Director hereunto appended, at the close 
of the fiscal year the Eighth and Ninth Annual Reports were in type, 
the tenth had been delivered to the Public Printer, and the eleventh 
and twelfth were on file ready for delivery to that official as soon as 
there should be any prospect that their printing could be commenced. 
Other reports and papers not intended to form parts of the series of 
annual reports were also filed as ready for printing. 

Another feature of the year’s work consisted in the collection by 
officers of the Bureau, under the authority of law, of ethnologic objects 
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for the exhibit at the World’s Columbian Exposition. This authority 
was opportune, as objects of that character are becoming scarce and 
costly and probably could not, after a few months, be secured for pres- 
ervation in a permanent collection. A similar work of preservation, 
also authorized by law, was executed in the restoration of the ruin of 
Casa Grande, in Arizona. 

Mention of these special operations does not imply that the re- 
searches into the religions, customs, history and other ethnologic data 
of the Indian tribes were omitted during the year. Details respecting 
all the work of the Bureau will be found in the report of its director, 
given in the Appendix. 


NATIONAL ZOOLOGICAL PARK. 


The insufficiency of the appropriations for the maintenance of the 
National Zoological Park was pointed out in the report for the year 
ending June 30,1891, and experience amply supports the opinions there 
expressed. It does not seem superfluous to repeat the following passage 
from this last report: 


“The primary object for which Congress was asked to establish a 
National Zoological Park was to secure the preservation of those Amer- 
ican animals that are already nearly extinct, and this object it was 
thought would be best secured by the establishment of a large inclosure 
in which such animals could be kept in a seclusion as nearly as possible 
like that of their native haunts. It was believed that, except for initial 
expenses for buildings and roads for the public, this could be done with 
an outlay comparatively small, probably not exceeding $50,000 a year; 
for, after the necessary land was once acquired and fenced in, smaller 
inclosures and paddocks could be set off and inexpensive barns erected 
at about this yearly charge. 

It was, in the nature of things, inevitable that some provision should 
be made for the convenience of a curious and interested public, as well 
as for the care and well being of animals unaccustomed to the pres- 
ence of man. For the first of these it was intended to set aside a con- 
siderable area, on which the principal buildings should be placed and 
to which should be taken, as was expedient, such of the animals as 
might interest the public, the larger portion of the park being still 
considered as a natural preserve where animals need be disturbed by 
no unusual surroundings, and where it was hoped they might, after 
the time necessary for their acclimation, breed their young. 

The maintenance of a park devoted to these purposes, that is, pri- 
marily to useful and scientific ends, and secondly to recreation, seemed 
to those interested in its success a legitimate tax upon national re- 
sources, but when Congress decided that one-half of the necessary 
expenses Should be ra aised by local taxation it seemed only fit that the 
tax-payers should be heard in their wish to have prominence given to 
the feature that principally interested them, and their chief interest was 
naturally in the park asa place of recreation, That this was recog- 
nized by a considerable body in Congress became evident from the sub- 
sequent debates. 

The moral right of the people of the District to ask consideration of 
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their wishes for entertainment in return for the outlay which falls 
upon them can not be questioned, and so far as this could be recog- 
nized it introduced a tendency to provide an establishment more like 
an ordinary zoological garden, or permanent menagerie, than the com- 
paratively inexpensive scheme at first contemplated. 

In view of the circumstances an appropriation was asked of Con- 
gress, which was believed to be smaller than was consistent with the 
proper ultimate development of the park, but on an estimate which 
proposed to begin on the most economical scale. Thus, for the general 
maintenance of the collection, $35,000 was asked, which is about the 
same as the annual sum spent in the Central Park menagerie, New 
York, having an area of about 10 acres, and at least $10,000 less than is 
spent either at the zoological garden in Cincinnati or Philadelphia, each 
having an area of about 40 acres. When it is reflected that these 
latter enterprises are conducted for business purposes by business men, 
that they have their collections already nearly complete and ptirchase 
but few new animals, it will be seen that the sum asked for the main- 
tenance of the 67 acres of the National Zoological Park with all the 
expensive animals yet to be procured was certainly not extravagant. 
Congress reduced this estimate to $17,500, a sum for which as a year’s 
experience has now shown the Park can not be maintained. 

For buildings, an appropriation of $36,850 was asked. In this con- 
nection it may be recalled that in the Philadelphia gardens the build- 
ings and inclosures cost $194,705. The sum estimated was intended to 
cover all inclosures and structures of every character indispensable on 
the modest scale proposed. Congress reduced this to $18,000. 

_ The average expense of preparing such uncultivated grounds in city 
parks elsewhere has proved to be at least $2,900 per acre. The sum of 
$29,500 was asked for that purpose, as no more than sufficient to fit 
such portions of the park as were necessary for the immediate accom- 
modation of the public. Congress reduced this to $15,000. 

These reductions have not only obliged me to retard the development 
on the lines that had been laid down, but have increased the ultimate 
cost; for where living creatures are in question it is plain that they 
have not only to be fed and guarded but to be housed; and all this at 
once, under penalty of their loss. Congress has plainly intended that 
they should be preserved, and that some sort of roads and access for 
the public’should be provided this year. 

The result has necessarily been, that with every effort to obtain per- 
manent results there has been a partial expenditure of the absolutely 
insufficient grant on enforced expedients of a temporary character, 
which are not in the interest of economy. 

It is extremely desirable that a sum for emergencies be secured in the 
next appropriation. In carrying forward, from the beginning, novel 
and untried work of such varied character, unforeseen difficulties must 
inevitably arise, but no provision has been made for these, nor even for 
such readily anticipated emergencies as are caused, for instance, by 
floods in grounds traversed by a stream which has been known to rise 
6 feet in less than half an hour. 

The difficulties which these conditions have imposed on the admin- 
istration of the park may be fairly called extreme, and the amount and 
character of what has been effected must be considered in this con- 
nection. In spite of these the result, I think, may be said to be, that 
at least as a source of interest and amusement to the people the park 
has exceeded the most sanguine expectations.” 
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It will be observed that, of the $101,350 asked, two-thirds were for 
buildings and grounds which, if not provided for, could wait with com- 
paratively little inconvenience, while the remaining third, or $35,000, 
was for the care and food of living animals, for policing of the park 
and for the safety of the public, matters which, when the garden was 
once opened, could not wait, and could not be materially diminished, 
but constituted a comparatively fixed sum without which the park 
could not go on, and which should therefore be given nearly as it 
stood or withheld altogether. Congress, however, it will be seen, re- 
duced all these items nearly in the same proportion, that is, to about 
one-half. 

Two-thirds of the desired appropriation was of a nature that could 
perhaps be reduced one year and made good later; the other third (that 
for food of living animals and maintenance), as painful experience has 
shown, could not be materially reduced and could not be made good 
later; and it is the deficiency on this item that has been the special 
cause of the difficulties of the administration. 

TInadequacy of appropriations.—Embarrassment also arose from the 
fact that the small amount appropriated was specified and allotted un- 
der three separate subordinate heads and in three nearly equal amounts, 
although the needs were not equal. As the bounds of these allotments 
could not be overstepped, it occurred that, while there were relatively 
sufficient funds under one item (the care of grounds), there was entire in- 
adequacy under the much more essential head which provided for the 
maintenance and care of living animals. No matter how great the emer- 
gency or serious the need, it was, of course, impossible to change this 
allotment, and while the total appropriated by Congress might, by close 
economy, have been sufficient, yet there was danger that the animals 
would be unfed and that the force of watchmen and keepers, although 
overworked, would be inadequate for their proper protection; andasthere 
existed no authority to give away or sell the animals, disaster of some 
kind would have ensued but for the aid indirectiy given by the Smith- 
sonian Institution. 

It may here be mentioned that it was expected that a large number 
of animals would be obtained from the Yellowstone National Park, 
that being the principal great preserve for wild game controlled by the 
Government of the United States. With the consent of the honor- 
able the Secretary of the Interior, a hunter was employed to capture 
large wild animals in considerable numbers, which were to be for- 
warded to the park at Washington. When a number of bears, deer, 
and elk were thus obtained, the reduced appropriations were insufficient 
to continue his employment or to transport the animals already captured. 
A still more regrettable consequence was the necessity of refusing abso- 
lutely all gifts made by the publie, as there were no means of paying for 
thetransportation of animals or for their subsistence when received. This 
has been a serious disadvantage to the collection, not only at present, 
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but as regards its future, for it need hardly be said that it has dis- 
couraged aud rebuffed many public-spirited citizens who would have 
been glad to present animals to the park, and who will now cease to 
have any further interest in the enterprise. 

Dangers by freshet.—On the 5th of September, 1891, a freshet of un- 
usual violence invaded the valley of Rock Creek. Such was the rapid- 
ity of the increase of water that in less than half an hour the little 
stream had risen 6 feet and had become a torrent of considerable mag- 
nitude and power. The piers for the bridge had just been completed, 
but the banks above and below were not yet protected from the abra- 
sion of a flood. In consequence of this the water formed an eddy 
near one of the piers, causing it to break, and cracked one of the abut- 
ments. It is believed that this unfortunate accident was not dwe to any 
defect in the design of the pier (which was constructed under the com- 
petent supervision of the late Gen. Meigs), but rather to the fact that 
the freshet occurred before the neighboring banks were properly pre- 
pared. 

The damage to the pier was by no means the total extent of that 
caused by the flood. The bear-yards, then nearly completed and ready 
for occupation, were very seriously injured by the precipitation into 
them of many tons of rock and earth. This made it evident that the 
bank of earth and decomposed rock on the cliff above the yards could 
not be depended on without some additional safeguard. The heavy 
fall of water seriously injured and cut away the new roads, gutters, 
- and drains that were yet fresh and unsettled, removed whole banks of 
earth from fresh slopes and washed out trees and bushes. The creek 
changed the level of its banks, cutting out a new channel for itself in 
several places, and covered the slopes with hundreds of tons of gravel 
and sand, and occasionally even deposited considerable stones, which 
were lifted by the rushing water and left upon the grass as a striking 
evidence ef the violence of the flood. Immediate steps were commenced 
to repair the damage, but this work was not completed within the fiscal 
year on account of the insufficiency of the appropriation. 

The bear-yards are in an abandoned quarry, adjoining a precipice 
whose summit is upon the extreme boundary line of the park. For this 
reason no permanent protection can be provided until the Government 
secures the few contiguous roods needed atthe top. With this the sum- 
mit of the precipice, formed of the original rock, would constitute the 
cheap and natural barrier. Jor protection under the actual, existing 
conditions, the only measure (and itis both incomplete and expensive) is 
to build a retaining wall reaching from the solid rock of the cliff high 
enough to hold any detritus that might be displaced by the action of 
rain or frost.* This has been commenced, but left incompleted owing 
to lack of funds. 


*See illustration, Plate II, page 41. 
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A considerable force of men was employed in repairing the roads, 
gutters, and drains, and in diverting the course of the stream so as to 
prevent further erosion of the banks. The amount expended in par- 
tially repairing the damage caused by the freshet was nearly $5,000. 
This unexpected demand upon already insufficient appropriations was 
another cause of embarrassment. 

Influx of visitors.—Public interest in the park has steadily increased 
‘from the beginning, and even in its present unfinished state the number 
of visitors ina single day sometimes reaches from five to ten thousand 
or more. It was supposed that when the collection should be of notable 
size, when the buildings were completed, the grounds improved, and 
the means of access ample, that a large number of visitors would fre- 
quent the park, but so very large and so immediate an attendance could 
hardly have been anticipated. It was found that the force of watch- 
men was quite insufficient properly to direct and control the throngs of 
people that on holidays passed through the unfinished houses and along 
the roads and paths. There are five entrances to guard, and eight sep- 
arate houses and inclosures where animals and property are kept, so 
far distant from one another that a watchman or keeper should be 
stationed at each, while in the larger houses, like the general animal 
house and the elephant house, it is desirable to have more than one 
keeper on hand, during the presence of great crowds, both for the pur- 
pose of protecting children as well as to prevent mischievous individ- 
uals from injuring the animals. The services of the keepers are required 
chiefly in the day, but there must be watchmen to relieve each other 
during the whole twenty-four hours. Under these circumstances, the 
appropriation allowed—for the guarding of the animals, the public, and 
the policing of the 167 acres by day and by night—but six men ineclud- 
ing both watchmen and keepers. 

Deficiency appropriation.—In view of these and other circumstances 
it seemed proper to ask a measure of relief from Congress. The fol- 
lowing estimates were accordingly framed and a deficiency appropria- 
tion asked to meet them: 


National Zoological Park: Improvements— 
For continuing the construction of roads, walks, and bridges, and for 
grading, planting, and otherwise improving the grounds of the 
National Zodlogical Park, being a deficiency for the fiscal year 
ooh EBay SOO SE I SDUG ODOC COC abc anes Doon aao sna N asdaccds Saa2 $4, 870. 81 


Note.—This appropriation is rendered necessary because of the 
storm of September 5, 1891, which greatly damaged the works of im- 
provement in the park. The sum asked is for the purpose of reim- 
bursing the appropriation for the amount actually expended in repair- 
ing those damages and preventing similar occurrences for the future. 
National Zoological Park: Maintenance, etc.— 

For care, subsistence, and transportation of animals for the National 
Zodlogical Park, and forthe purchase of rare specimens not other- 
wise obtainable, including salaries or compensation of all neces- 
sary employés and general incidental expenses not otherwise pro- s 
vided for, being a deficiency for the fiscal year 1892.............. $4, 484.00 


, 
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National Zoological Park: Maintenance, etc.—Continued. 
Nove.— This sum includes: 
Payment of extra watchmen on Sundays and holidays, necessary be- 
cause of the great influx of visitors, 18 nen, 19 days each, at $2"... $684. 00 
Transportation of specimens already offered to and purchased by the 
park, viz.: 
MOVONEMSTLOWAUORO ean bese se sate 2 Bio ae Soa vies Sekine, ce Aen. De 350. 00 


Breny poueh America 52 -\.5-< 2 o.c 65. Sentea. ete a ThA Se Sky; 500. 00 
500. 00 


PUES E SEEN IRSUD ALN ee eee ROE ORE ONT ee oo ee at Ree a 
Care and maintenance of the above animals. .......-...2..2--2.22-....- 900. 00 


Care and maintenance of the elephants presented and lent to the park. 1,500.00 

National Zodlogical Park: Organization, improvement, maintenance 

For repairs to the Holt mansion to make the same suitable for oceu- 
pancy, and for office furniture : 


To vay Devereux & Gaghan, plumbing and gas fitting....-. $320. 47 
Morpayed mba, Iuanspurg, Chains nc 96 2. ee Reo oes emi 14. 00 
Moma baArDer Go OSS, OTab@S. 222-22 sce. oc ea eee as 46. 00 
HopaysGeorre breitbarth; chairs: <a-2- ose ene See: 25. 15 
Moma csr MMerlysisons, StOveS s2 22 -< ioe Se: wipe ces kes 20. 35 

pO alee ere Ure eet iter ee oy th 5. ae belie ats ota E es x $426. 57 


Note.—The above liabilities were incurred under the supposition that they could 
properly be charged against other items of this appropriation. ‘Che First Comp- 
troller is of the opinion that they should be charged against this item. 

Yo reimburse the Smithsonian fund for assuming the expenses of labor 
and materials for repairs urgently necessary for the preservation of 
the Holt mansion, including the following: 


CBurlew,, concreting and pitching. 2.2 22225..-222-..--- $60. 48 
Belince yer COOrsand MOldINgs| ces. e aso. SLs oe 37. 11 
Hee wMounre jathine-and=plastenme . 232750) os2c no. 62 22s 173. 64 
ORE WaANVOS nCaATPOUORYy t. -fe ae alae cles ihe xiee ans celled 24. 00 
Wir Om STICKER nCAnPeMily eke ecient Bini. ( Se abr eiae ose - Soya ch 33. 00 
OHyUcehsde SlEOPUeNSON UMD CL = s . Sas Gees Se oa oe eye seers ba 116. 22 
Orla iolishelicrra.: OG ,iSievleoltn sore see 2 sooo oes ee awe 55. 00 
TOI es ibloc ake 2 qlacet AO SCE EOC ae aa ee ee $499, 45 


Note.—The amount appropriated by Congress for repairs to the Holt mansion 
was expended before the roof was covered in, and upon the decision of the Comp- 
troller that it could not be covered in from the item for ‘‘expenditures not other- 
wise [provided for,” the Smithsonian Institution advanced this sum from its 
private funds to prevent the destruction by the weather of what had already 
been done. 


For current expenses— 
To pay Melville Lindsay for rubber boots furnished to employés en- 
gaged to work in water in the National Zoédlogical Park.......-.- 38. 00 


— 
964. 02 
Novre.— These boots were issued to the men each morning and taken from them 
at night, being worn only while on duty. The First Comptroller holds that the 
sum can not properly be paid without special legislation. 


(All being for the service of the fiscal year 1891.) 


The following deficiency appropriation was made by Congress under 
date of March 8, 1892: 

For care and subsistence of animals for the National Zodlogical Park, 
fiscal year eighteen hundred and ninety-two, one thousand dollars, oue- 
halfof which sum shall be paid from the revenues of the District. of 
Columbia and the other half from the Treasury of the United States. 

Damages occasioned by the undue reduction of force.—As the season 
advanced and no additional appropriation was made by Congress, if 
became necessary to reduce the expenses of the park still further. This 
was done by stopping all work upon the buildings and grounds, and 
reducing the force till one watchman only could be on duty at a time, 

H.. Mis. 114-2 
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and much danger to the public and many accidents to the animals en- 
sued in consequence. The deer and antelope were annoyed and injured 
by dogs, the flock of valuable Angora goats was nearly destroyed by 
being poisoned by visitors with laurel (almia latifolia), and many 
other injuries were inflicted on the animals, while the administration 
was in anxiety lest some grave accidents, such as were aliost to be 
expected under these circumstances, should occur among the crowds of 
visitors, embracing not only adults, but children, of the latter of whom 
there were often many hundreds present and unprotected. 

That this anxiety was not unwarranted was shown on the night of 
May 24, when a grizzly bear, during the absence of the single watch- 
man, scrambled up the almost perpendicular cliff in the rear of the 
yards and escaped from the park. After fruitless attempts to capture 
him, and the injury of one of the employés whom he wounded, orders 
were reluctantly given to shoot him. 

The following letter, setting forth the urgent needs of the park, was 
addressed to the Secretary of the Treasury on January 23: 


SMITHSONIAN INSTITUTION, 
Washington, D. C., January 23, 1892. 

Sir: I beg leave to invite your attention to the estimates under the 
Smithsonian Institution for the fiscal year ending June 30, 1893, duly 
submitted to you October 7, 1891, and to the modified form in which 
these estimates were transmitted to-Congress, whereby it would seem 
to be recommended that no increase be made over the amounts appro- 
priated for the current year. 

While feeling that all the amounts asked for by the Institution have 
been only such as are adequate with the strictest economy, I have to 
ask your especial attention to the three items for the National Zodlogi- 
cal Park, 7. e., Improvements, Buildings, and Maintenance. Disasters 
from floods and like contingencies for which no provision was made by 
Congress in the appropriations for the present year emphasize the 
necessity of securing the full amount estimated under the headings 
Inprovements and Buildings, while there exists exceptional necessity 
in the item for Maintenance, which is essentially for the food and care 
of living animals. 

The appropriations made by the act of March 3, 1891, for “ main- 
tenance” during the present fiscal year (for which $35,000 was asked), 
was $17,000, but the sum of $5,122.71 from the appropriation of April 
30, 1890, was available and has been used for this purpose; and even 
with this addition it has been necessary to ask for a deficiency appro- 
priation of $4,434, chiefly to cover expenditures which were found to 
be absolutely necessary to prevent loss to the Government. 

The minimum expenditures for the present year under this item -will 
therefore be $22,622.71; the expenses for the first six months being 
$14,269.73, or at the rate of $28,539.46 per annum. I trust, therefore, 
that it is made sufficiently clear that with an appropriation of $17,500 
it will be impossible to properly care for and feed the animals now on 
hand. 

The past expenditures would have been still larger but that the work 
on the accounts for the Treasury has in part been done gratuitously by 
the Institution, which has also supplied tree of cost office rooms, as well 
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as the aid and supervision of unpaid naturalists. This can not be reck- 
oned upon for the future, but has been sanctioned by the Regents as a 
means to meet the exigency until the need of a larger appropriation can 
be represented to Congress, and in the meantime the working force has 
been reduced to an extreme degree, the policing, for instance, being now 
done by one watchman, aided by two employés who are largely engaged 
with other duties; and these three men are required to maintain order 
over an area of 167 acres, visited during each day by thousands of people. 
These details are mentioned in connection with the fact that (unless some 
small purchases of animals made at the outset be excepted) it is under 
like stringencies of economy in every branch of the administration that 
the expenses have already amounted, as shown above, to more than 
$14,000 in six months. 

I can not too emphatically represent the peculiar difficulties that must 
arise in administering an insufficient appropriation for the care.of liv- 


‘ing wild animals, unable to care for themselves where they are, if no 


provision has been made by Congress for disposing of them elsewhere. 

In view of increased expenses since the estimates were prepared, due 
directly to the unexpectedly great popular interest manifested in the 
park, and to the extraordinary increase of visitors, [ now feel com- 
pelled to either increase the estimate for maintenance to $30,000, to 
cover further contingencies, or to ask that the total appropriation 
requested for the park be made in such form as to allow a certain dis- 
cretionary power to meet them. If under the circumstances stated, the 
latter would, in your judgment, be the more advisable course, [ would 
respectfully ask that you recommend to Congress that the three items of 
improvements ($20,000), buildings ($27,000), and maintenance ($26,000) 
be appropriated in one sum of $73,000, as follows: 


National Zoblogical Park, Smithsonian Institution : 

Continuing the construction of roads, walks, bridges, water supply, sewerage, and 
drainage, and for grading, planting, and otherwise improving the grounds. erecting, 
and repairing buildings and inclosures for animals and for administrative purposes, 
care, subsistence, and transportation of animals and for the purchase or exchange of 
specimens not otherwise obtainable, including salaries or compensation of all neces- 
sary employés, and general incidental expenses not otherwise provided for, $73,000. 

I have the honor to be, very respectfully, yours, 
; S. P. LANGLEY, 
- Secretary. 

The SECRETARY OF THE TREASURY, 

Washington, D. C. 


Notwithstanding this urgent appeal, it was 1ound, when the sundry 
civil appropriation bill was reported to the House, that but $29,000 
was recommended to be appropriated for the National Zodlogival Park. 
This was divided into the following heads: 


Improvements...---.. --.-- +--+ -- eee 3 on eee seen $9, 000 
isp Pn. oe rote eanidhs 6atect caters a acm eeo Sed omega 10, 000 
MEVITICETNOS RSS ede ee a HSae sae one oe aoue aes aap na ce arpe 10, 000 


The matter seemed to me so urgent and serious as to demand the 
immediate attention of the Regents. I therefore called a special meet- 
ing of the Board and laid the matter before them. The result of that 
meeting will be seen in the following letter addressed to the President 
of the United States Senate. 
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SMITHSONIAN INSTITUTION, 
Washington, April 2, 1892. 

Sir : Inaceordance with the instruction of the Regents of the Smith- 
sonian Institution, I have the honor to transmit a resolution passed by 
them on the 29th of March, 1892, together with the following prelim- 
inary statement of the considerations on which it is based : 

The National Zodlogical Park was placed under the Regents of the 
Smithsonian Institution by the act of April 30, 1890, to be administered 
by them, first “for the advancement of science ” and, second, * for the 
instruction and recreation of people. ” 

The necessity of protecting the unexpectedly large crowd of people 
that have been attracted to the Park and of providing for their access 
to the animals, as well as for the protection of the latter, has made it 
necessary to assign to this secondary object a disproportionate share of 
the appropriations, and it seems unavoidable that this subordinate 
feature should thus claim the larger portion of the expenses, as long as 
the collections are open to the public, as in ordinary zodlogical gardens. 

The appropriations for the fiscal year 189192 were made under three 
heads: Improvements and care of grounds, $15,000; buildings, $18,000, 
and maintenance, $17,500, these amounts being about one-half those 
that were submitted to Congress as necessary to make preliminary pro- 
vision for the security and accessibility of the collections and to ad- 
minister their trust with safety to the public. 

The Regents recognized the impossibility of doing this with such 
means; but, considering that the animals were already in the Park, in 
view of this public safety, and regarding the act as mandatory upon 
them, they, with the aid of a balance, economized, in anticipation from 
the original appropriation made for the organization of the Park, and 
a deficiency item of $1,000, to meet urgent needs, have endeavored to 
get through the year until relief could be had from Congress. In doing 
so they have been obliged to reduce the number of watchmen and em- 
ployés of the Park in every grade till the public safety threatens to be 
endangered, while yet a considerable part of these watchmen have been 
called on to labor continuously through Sundays and holidays ten to 
twelve hours a day without extra compensation, and have in other re- 
spects felt obliged to carry economy to a degree which would have been 
unjustifiable, except upon compulsion under such circumstances. 

They would, in their opinion, have been unable to administer the 
Park to the close of the fiscal year, even under these conditions, had 
they not, in view of the emergency, also given without charge the 
services of officials and employés paid from the private Smithsonian 
fund. The total expenditure for maintenance during the current year 
may, under these conditions, be expected to be $23,600. These facts 
were represented by them through the Secretary of the Institution in a 
letter dated January 23, 1892, to the Secretary of the Treasury (a.copy 
of which is appended) and by him transmitted to Congress. 

For the year 1892~93 the followiug estimates were sent to the Treas- 
ury Department: Improvements, $20,000; buildings, $27,000, and 
maintenance, $26,000. 

In the sundry civil bill (H. R. 7520) as now reported to the House 
of Representatives, there is appropriated for improvements $9,000, 
for buildings $10,000, and for maintenance, $10,000; in all $29,000. If 
the Regents considered, as they must, $9,000 as inadequate for a year’s 
expenditure in laying out the roads and grounds in a new park of 167 
acres, they yet would not have felt compelled to make this present rep- 
resentation, since such improvements may await the action of a future 
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Congress; but, under the appropriation for “buildings,” the security 
of the animals must be provided for without delay, while under “main- 
tenance” come not only their food and warmth, but the protection of 
the public; and that in the case of animals, which are helpless to provide 
for themselves and dangerous if not guarded, can not wait future action, 
has been a pressing consideration to them. 

The Regents think it proper to remark that the roads of the park in 
the vicinity of the cages have been crowded with visitors, to the num- 
ber of as many as 10,000 in a day, before there was time to make any 
means for the permanent care of the animals, or provide proper roads 
to get to them, even had the means for these been appropriated, and 
that there is, in their judgment, every reason to expect during the com- 
ing summer the visit of still larger throngs, composed not only of adults, 
but of children. 

The Regents feel desirous to represent that they can not be held re- 
sponsible for the imminent danger which must result, under the contem- 
plated withdrawal even of these means for protection which experience 
has already shown to be absolutely insufficient. They would also ask 
attention to the fact that small as the appropriation is, it is in several 
items, and that under no emergency is any discretion allowed them as 
to their relative amounts, although the whole matter of expenditure is 
here for a novel purpose, on which only experience could decide the 
relative exigency of each part. 

If Congress intended that the park must be maintained on the ap- 
propriation under which the Regents have been unable to administer it 
the last year (improvement, $15,000; buildings, $18,000; maintenance, 
$17,500), they deem it reasonable to bring the attention of Congress to 
the fact that a discretion might properly be exercised by them as to what 
proportion they should apply to the imminent needs of the public safety 
and what to matters of less urgency, and that they should either be 
allowed to expend on the part upon which the safety of the public and 
the existence of the animals especially depends, that which their ex- 
perience has shown to be indispensable, or that they should be relieved 
of responsibility for the consequences. 

They desire to add in farther explanation that they do not suppose 
that with the total appropriation of $50,000, of which $26,000 is for 
‘‘maintenance” (mentioned in the resolution), the park can be properly 
conducted, and that they believe this sum to be in fact inadequate for 
such conduct, their intent being to state to Congress the sum below, 
which, according to their experience, it is impossible to undertake that 
the park shall be carried on another year, though not creditably, yet 
without most probable danger. 

The resolutions are as follows: 

MaRcH 29, 1892. 

Resolved, That the Board of Regents of the Smithsonian Institution would respect- 
fully represent to Congress the impossibility of maintaining the United States Na- 
tional Zoblogical Park, required by the act of Congress of April 30, 1890, with a 
less total appropriation than $50,000, of which at least $26,000 will be required for 


maintenance. Bade 
Resolved, That the Secretary of the Institution be requested to communicate this 


resolution to the President of the Senate and Speaker of the House, with a prelimi- 
nary statement of the reasons and considerations on which it is based. 
I have the honor to be, sir, with great respect, your obedient servant, 
S. P. LANGLEY, 
Secretary. 
Hon. Levi P. Morton, 
President of the Senate. 
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[House Ex. Doe. No. 102, Fifty-second Congress, first session. | 


TREASURY DEPARTMENT, January 25, 1892. 
Sir: Lhave the honor to transmit herewith, for the consideration of Congress, a 
communication from the Secretary of the Smithsonian Institution of the 23d instant, 
in relation to the estimates on page 231 of the Book of Estimates, for the fiscal year 
1893, submitted for the improvement, maintenance, etc., of the National Zodlogical 
Park, District of Columbia, for the fiscal year ending June 30, 1893. 
Respectfully, yours, 
O. L. SPAULDING, 
Acting Secretary. 
The SprakER OF THE HOUSE OF REPRESENTATIVES. 


SMITHSONIAN INSTITUTION, 
Washington, D. C., January 25, 1892. 

Sir: I beg leave to invite your attention to the estimates under the Smithsonian 
Institution for the fiscal year ending June 30, 1893, duly submitted to you October 
7, 1891, and to the modified form in which these estimates were transmitted to Con- 
gress, whereby it would seem to be recommended that no increase be made over the 
amounts appropriated for the current year. 

While feeling that all the amounts asked for by the Institution have been only 
such as are adequate with the strictest economy, I have to ask your special atten- 
tion to the three items for the National Zodlogical Park, 7. ¢., improvements, build- 
ings, and maintenance. Disasters from floods and like contingencies, for which no 
provision was made by Congress in the appropriations for the present year, enpha- 
size the necessity of securing the full amount estimated under the headings Improve- 
ments and Buildings, while there exists exceptional necessity in the item for 
maintenance, which is essentially for the food and care of living animals. 

The appropriations made by the act of March 3, 1891, for ‘‘maintenance” during 
the present fiscal year (for which $35,000 was asked), was $17,500, but the sum of 
$5,122.71 from the appropriation of April 30, 1890, was available and has been used 
for this purpose; and even with this addition it has been necessary to ask for a defi- 
ciency appropriation of $4,434, chiefly to cover expenditures which were found to be 
absolutely necessary to prevent loss to the Government. 

The minimum expenditures for the present year under this item will therefore be 
$22, 622.71; the expenses for the first six months being $14,269.78, or at the rate of 
$28,539.46 per annum. I trust, therefore, that it is made sufficiently clear that with 
an appropriation of $17,500 it will be impossible to properly care for and feed the an- 
imals now on hand. 

The past expenditures would have been still larger but that the work on the ac- 
counts for the Treasury has in part been done gratuitously by the Institution, which 
has also supplied free of cost office rooms, as well as the aid and supervision of un- 
paid naturalists. This can not be reckoned upon for the future, but has been sanc- 
tioned by the Regents as a means to meet the exigency until the need of a larger ap- 
propriation can be represented to Congress, and in the meantime the working force 
has been reduced to an extreme degree, the policing, for instance, being now done by 
one watchman, aided by two employés who are largely engaged with other duties; 
and these three men are required to maintain order over an area of 167 acres, visited 
during each day by thousands of people. These details are mentioned in connection 
with the fact that (unless some small purchases of animals made at the outset be 
excepted) it is under like stringencies of economy in every branch of the adminis- 
tration, that the expenses»have already amounted, as shown above, to more than 
$14,000 in six months. 

I can not too emphatically represent the peculiar difficulties that must arise in 
administering an insufficient appropriation for the care of living wild animals, un- 
able to care for themselves where they are, if no provision has been made by Con- 
gress for disposing of them elsewhere. : 

In view of increased expenses since the estimates were prepared, due directly to 
the unexpectedly great popular interest manifested in the park, and to the extraor- 
dinary increase of visitors, I now feel compelled either to increase the estimate for 
maintenance to $30,000, to cover further contingencies, or to ask that the total ap- 
propriation requested for the park be made in such form as to allow a certain disere- 
tionary power to meet them. If, under the circumstances stated, the latter would, 
in your judgment, be the more advisable course, I would respectfully ask that you 
recommend to Congress that the three items of improvements ($20,000), building 
RAL: and maintenance ($26,000) be appropriated in one sum of $73,000, as fol- 

ows: : 

“National Zodlogical Park, Smithsonian Institution: Continuing the construction 
of roads, walks, bridges, water supply, sewerage, and drainage, and for grading, 
planting, and otherwise improving the grounds, erecting and repairing buildings 


he. 
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and ineclosures for animals, and for administrative purposes, care, subsistence, and 
transportation of animals, and for the purchase or exchange of specimens not other- 
wise obtainable, including salaries or compensation of all necessary employés, and 
general incidental expenses not otherwise provided for, $73,000.” Gees 

I have the honor to be, very respectfully, yours, 

S. P. LANGLEY, 
: Secretary. 
The SECRETARY OF THE TREASURY, ‘ 
Washington, D.C. 


The Committee on Appropriations of the United States Senate finally 
recommended that the sum allowed by the House for the Park be raised 
to $73,000, and that the amount be appropriated in one item, that is to 
Say, without assigning special sums to special subordinate heads. 

In the conference committee upon the sundry civil bill the amount 
recommended by the Senate was reduced to $50,000, but the embarrass- 
ment of special subheads of appropriation was removed. The bill was 
finally passed* in the following terms. 

National Zodlogical Park: For continuing the construction of roads- 
walks, bridges, water supply, sewerage, and drainage; and for grading, 
planting, and otherwise improving the grounds; erecting and repair, 
ing buildings and inclosures for animals; and for administrative pur- 
poses, care, subsistence, and transportation of animals, including sala- 
ries or compensation of all necessary employes, and general incidental 
expenses not otherwise provided for, fifty thousand dollars, one-half of 
which sum shali be paid from the revenues of the District of Columbia 
and the other half from the Treasury of the United States; and a re- 
port in detail of the expenses on account of the National Zodlogical 
Park shall be made to Congress at the beginning of each regular ses- 
sion. 

Work already done.—Notwithstanding a compulsory waste of means 
caused by the fact that insufficient appropriations made it necessary 
to do certain urgent work provisionally and imperfectly, it is believed 
that results have been attained at a smaller expense than is usual in 
establishments of the same nature elsewhere. The following table 
shows the cost of the principal works projected up to June 30, 1892. 

In elucidation of these statements, the plans and drawings of a 
portion of the work given (on a necessarily small scale in the text) may 
be referred to (see Plates 11, 111, IV and V.) 


IMPROVEMENTS. t 


Potls) (Guy enemy Oi) ahs ong Sobor esteatns Societe OSes onc Con Se ceeeeenee $1, 945. 00 
Bear yards and stone retaining wall above them (Plate IT) .-.-....-.---. 1, 501. 00 
Water supply. -..-------- +--+ +222 eee ene ee ee nen eee eee 4, 490. 00 
St @RLE® Gnd GORING Ss 3 BGs Soc occ cne asd Ane Ne cose ages aan aoe eaEe 2, 694. 45 
TREES ANN WRU Ginn he Ss oBqg eb abo so cder een e- Ranea Ss -eOeO ne Pena Sean emer 13, 995. 00 
Bridge over Rock Creek, including repairs..-..-.--.-:--..-------------- 8, 186. 00 
Cilia o pomad Lino planUll Cw OUC rere erate serene nae ee eine = = ow ei nie e's 3, 350. 00 
Services of engineers and landscape architects.......--.......-+..----+-- 1, 088. 30 


*Owing to the long session of Congress the bill did not become a law until August 
5, 1892. Although the scope of this report is confined to the fiscal year ending June 
30, 1892, it seems desirable to conclude here the history of this session’s operation. 
tSee Plate I. 
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SCALE. 
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PLATE 1.—General Plan of the National Zovlogical Park. 
A. Entrance to oflices (Holt louse), 


Ontario avenue entrance. 
. Principal temporary entrance at Quarry 
road. 


D. Klingle road entrance, comm unicating with 


E. 
I, 


No. 1 


Quarry road by bridle path along left 


bank of creek. 

Connecticut avenue entrance, 

Kutrance for foot passengers at Woodley 
bridge. 


. Bear yards in abandoned quarry. 
9 


Animal house. 


| No. 


CIDA OP os 


. Birdineclosure. 


Inclosure for wolves and foxes. 


. Prairie-dog town. 

. Property house. 

- Temporary shed for clephants. 
. Butfalo house and paddock. 

. Restaurant. 

» Goat paddock. 

. Deer paddocks. 

- Ponds for aquatic animals. 

. Offices (Holt house), 

. Stables. 


leas 


Al 


SECRETARY. 


THE 


REPORT OF 


YASS 
ues 


SSA 
a S st 


A ore 


Sete 


sa 


Plate 1].—Beay Dens and Yards. 
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BUILDINGS AND INCLOSURES. 


Large animal house ( See Plates III and IV ), including extension, heating 


apparatus, and engine for running the same ...-..--........----..-.--- $1, 580. 00 
Biitalomand elkehouse(isce! PlatercVs) io. 8). 2 Feo Ase ee See ll 3, 537. 00 
Fences for ruminants and for smallinclosures (including small shelters ).. 2, 957.00 
POMC a SVs Or eR Ete une ae eres 5 Sect oe SS oe ceo bz nue cle es oe-<t 4, 355. 00 
Holt house ( office of the Park ), repairing and office furniture-..-.--..... 2, 000. 00 
Seu lemannde sO mamma mers eine. ye ie. 2 ee ae ces see oe 2, 600. 00 
Pinoiasheuse: sNOps eallaesheds see ss Le OSes SET oss Sak 1, 275. 00 
Plephantiiouse. bem pordty)\s st 425 Los. So Le ee hls oes es 1, 099. 00 


In the appendix to the “estimates”* for the year ending June 30, 
1892, on page 299, will be found a statement of the original estimate 
for the Park, made, it will be remembered, with the expectation that 
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PLATE IV. -Plan of Principal fees House, National Zodlogical Park. 


the grounds were to be used essentially in large preserves for the pres- 
ervation of the national large game. 


 Fitty-first Coane, 2d session; H. R. ae are No. tay 


44 REPORT OF THE SECRETARY. 


The area occupied by the buildings and inclosures for animals in the 
Park is not far from 40 acres. 

Work for the next fiscal year.—The limited amount appropriated by 
Congress will not permit a rapid development of the Park. Nearly 
$30,000 of the sum allowed will be required for the feeding and care 
of the animals and the maintenance of the necessary staff of employes. 
The remainder will be applied to carrying out the plans already de- 
vised; that is to say, to completing the structures yet unfinished, 
making secure the inclosures and building additional quarters where 
necessary, in strengthening the banks of the creek against erosion, in 
completing the ponds for aquatic animals, in extending somewhat the 
water supply, sewerage, and drainage, and in grading and dressing 
the roads and slopes. 


PLE | 


PLATE V.—House for Bison and Elk. 


There is an urgent need for a better structure for the elephants than 
the temporary barn which was hastily erected for their accommodation 
and which they have ever since occupied. It is calculated that a com- 
plete building suitable for the accommodation of elephants and other 
animals of the same general habits and needs would cost about $15,000. 
Only a portion of this sum need be appropriated for the present, as the 
house could be built upon a plan that admits of enlargement. 

Access to the park.—The Rock Creek Railway Company intend, as I 
understand, to carry a branch of their road directly to the Ontario 
avenue entrance to the park and to transfer passengers from all the 
city street-car lines without extra charge. In that case there is no 
doubt that the number of visitors will be greatly increased. The widen- 
ing and improvement of Quarry road and the extension of Kenesaw 
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avenue to the park lines on the eastward will also tend to increase the 

ease of access to the park. 

Additions to the collections —The collection 1s now added to only 
through gifts made by public-spirited citizens and the somewhat limited 
accessions derived from the Yellowstone Park. As before mentioned, 
lack of funds has prevented any notable increase from these sources. 
It is decreased by the inevitable deaths which the experience of older 
zovlogical gardens shows will not be less than from 20 to 30 per cent 
annually. 

Accessions from the Yellowstone Park are usually limited to a very 
narrow range of specimens and can not be depended on for producing 
a really valuable and characteristic collection of the North American 
fauna. Under the terms of the first appropriation act it was allow- 
able to procure by purchase “ rare specimens not otherwise attainable.” 
This provision was nearly ineffective owing to the inadequate fund 
given, and it was omitted from the act passed at the recent session of 
Congress. 

The total number of animals in the park is 448 of which 340 are in- 
digenous to North America. Tifty-five of the animals were obtained 
by purchase. 


NECROLOGY. 


MONTGOMERY CUNNINGHAM MEIGS. 


Montgomery Cunningham Meigs was a son of the eminent physician 
and medical author, Charles D. Meigs. He was born May 3, 1816, in 
Augusta, Ga., and graduated from the United States Military Academy 
at West Point in 1836. He was assigned first to the artillery service, 
and subsequently to the Corps of Engineers. In 1852 he was directed 
to make a.survey at Washington, D. C., with the view of determining 
the best plan for supplying the city with water. The plan proposed 
by him received the approval of the War Department and was adopted 
by Congress, General Meigs, then a captain of engineers, being 
charged with its execution—a task that occupied his attention for a 
period of ten years, and which he completed with signal success. During 
the prosecution of this important work Capt. Meigs was also placed in 
charge, aS supervising engineer, of the north and south extensions of 
the Capitol, and of the construction of its crowning iron dome, as well 
as ot the northern extension of the General Post-Office Building. 

He served with eminent distinction throughout the war of the re- 
bellion, reaching the rank of brigadier-general in charge of the Quarter- 
master’s Department. The place sought him not only for his high in- 
tegrity and acknowledged capacity for business, but on account of the 
strength of his personal character. In 1864 he received the well-earned 
title of brevet major- general in the Army. 
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With the close of the war ends the most active period of his life, 
and begins the gentle course of an honored old age, devoted among 
other occupations to the advancement of the best interests of this In- 
stitution. He was a member of the National Academy of Sciences and 
one of the founders of the Philosophical Society of Washington. He 
was appointed by a joint resolution of Congress in 1585 a Regent of the 
Smithsonian Institution, and from his entrance into the Board became 
an active member of its executive committee, which positions he filled 
until his death, which occurred at his residence in this city on the 2d 
of January, 1892. 

Of Gen. Meigs as a man alike in external or in moral aspects, one 
can only speak in terms of respect. Personally, he will be remem- 
bered by all, even until his very last days, as erect in carriage, with a 
soldierly bearing which did not recognize the lapse of years, and a 
manner both dignified and engaging. In character he was not only 
conscientious and sagacious, but firm at a time when firmness tried 
every quality of aman. What more can be added when we have said 
that he was a man faithful in all things. who has left behind him a repu- 
tation both high and enduring? 


NOAH PORTER, 


Noah Porter was born in Farmington, Conn., December 14, 1811, and 
graduated at Yale College in 1831. During a tutorship in Yale in 1833- 
1835, hedevoted himself to the study of theology. Hewas appointed pro- 
fessor of moral philosophy and metaphysics at Yale in 1846. In 1871 
he was cailed to the presidency of Yale, which post he resigned in 1886. 
During President Porter’s administration the progress of the college 
was marked. As a teacher, and in his personal relations with the 
students, he was one of its most popular presidents. He received the 
degree of D. D. from the University of the city of New York in 1858, 
and that of LL. D. from Edinburgh in 1886. His writings cover a wide 
range of subjects, but are mainly philosophical. He was one of the 
most scholarly metaphysicians this country has produced. His con- 
nection with the Smithsonian Institution began January 26, 1878, 
when he was elected to the Board of Regents by a joint resolution of 
Congress, as a citizen of Connecticut, and this connection terminated 
with his resignation December 31, 1889, on account of failing health. 

His death occurred on March 4, 1892, in the eightieth year of his age. 
President Dwight said of him in an address delivered at his funeral: 

He was strong in the native force of his mind, quick in his mental 
action, keen in his insight, firm in his grasp of truth, rich in his think- 
ing, but most of all, wide in his reach. His eye kindled with enthusi- 
asm as he saw the first opening of new ideas. His face beamed with 
joy as he gained new measures of knowledge. The field of truth was 
full of attractiveness for him, and he was glad to enter it by any path- 
way. He has been in the brotherhood of scholars a man of mark and of 
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- influence. He has commanded respect for his learning. He has com- 
mended learning by his own possession of it. He has stimulated those 
nearest to him by his many thoughts, by his wide interest in many 
departments of knowledge, and by his free and liberal spirit. He has 
kept an open mind for truth and an open heart for his friends. He has 
stood among us as one of the ablest men in intellectual power whom we 
have known in these past years. 


Respectfully submitted. 
S. P. LANGLEY; 
Secretary of the Smithsonian institution, 
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APPENDIX TO SECRETARY’S REPORT. 


APPENDIX I. 


REPORT OF THE DIRECTOR OF THE BUREAU OF ETHNOLOGY FOR THE 
YEAR ENDING JUNE 30, 1892. 


Sir: Ethnologic researches among the North American Indians were continued 
under the Secretary of the Smithsonian Institution, in compliance with acts of Con- 
gress, during the year 1891~92. 

A report upon the work of the year is most conveniently presented under two 
general heads, viz, field work and office work. 


SIELD WORK, 


The field work of the year is divided into (1) archeology and (2) general field 
studies, the latter being directed chiefly to religion, technology, and linguistics. 

Archeological field work.—The explorations of the Bureau for the last fiscal year 
were continued under the personal supervision of Mr. W. H. Holmes, with Messrs. 
Cosmos Mindeleff, Gerard Fowke, and William Dinwiddie as assistants. 

The work begun in the tide-water regions of Maryland and Virginia in the spring 
of 1891 was continued throughout the present year. Careful attention was given 
to the examination and mapping of the shell deposits of the Lower Potomac and the 
Chesapeake, and many of the historic village sites visited by John Smith and his 
associates were identified and examined. The remains upon these sites are identical 
with those of the many other village sites of the region. Mr. Holmes studied the 
archeology of South, West, and Rhode rivers and of the shores of the bay above and 
below Annapolis. The middle Patuxent was visited and the site of the ancient vil- 
lage of Mattpament identified and examined. The valley of the Rappahannock in 
the vicinity of Fredericksburg and a number of the other western tributaries of the 
Potomac received attention. Ancient soapstone quarries, one in Fairfax County, 
Va., three in Montgomery County, Md., and one in Howard County, Md., were 
studied, and collections of the quarry rejects and implements used in quarrying and 
cutting the stone were obtained. 

In July Mr. Holmes made a trip to Ohio to assist in the resurvey of several geo- 
metric earthworks at Newark and near Chillicothe. A visit was made to the great 
flint quarries in Licking County, between Newark and Zanesville. This well-known 
quarry is one of the most extraordinary pieces of aboriginal work in the country, 
and the evidence of pitting and trenching and of the removal and working up of 
great bodies of the flint are visible on all sides, the work having extended over many 
square miles. Numerous hammer stones and large bodies of the refuse of manufac- 
ture are seen. The chicf product of the work upon the site here as elsewhere was a 
thin blade, the blank from which various implements were to he specialized, The 
countless handsomely shaped and tinted arrow and spear points and knives scat- 
tered over Ohio and the neighboring States are derived chiefly from this site. 
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When the work of re-surveying the earthworks at Newark and Chillicothe was 
finished, Mr. Holmes made a journey into Indian Territory to examine an ancient 
quarry formerly supposed to be a Spanish silver mine. It was reported by Mr. Wal- 
ter P. Jenney, of the Geological Survey, that this was really an Indian flint quarry, 
and the visit of Mr. Holmes confirmed this conclusion. Seven miles northwest of 
Seneca, Mo., and 2 or 3 miles west of the Indian Territory line there are numer- 
ous outcrops of massive whitish chert, and in plates this rock has been exten- 
sively worked for the purpose of securing flakable material for the manufacture of 
implements. The pits and trenches cover an area of about 10 acres. They are 
neither as deep nor as numerous as the Flint Ridge quarries. The product of this 
quarry was also the leaf-shaped blades of the usual type, the size being greater than 
in the other similar quarries of the country as a result of the massive unflawed 
character of the stone. 

In May Mr. Holmes yisited and examined a number of extensive quarries of novac- 
ulite in Arkansas, one of which had been visited during the previous year. A great 
quarry situated upon the summit of a long mountainous ridge at the head of Cove 
Creek is the most extensive yet discovered in this country. The ancient excavations 
extend along the crest of the ridge for several miles. The largest pits are still 25 
feet deep and upwards of 100 feet in diameter. The product of this quarry was also 
leaf-shaped blades of the type obtained from the other quarries, and closely analo- 
gous in size, shape, and appearance to those of Flint Ridge, Ohio. Mr. Holmes next 
passed north into Stone County, Mo., to visit a very large cave situated about 
20 miles southeast of Helena, the county seat. Neither human remains nor works 
of native art were found within the cave. The manufacture of chert implements 
had been carried on extensively in the surrounding region. From Stone County he 
went to southwest Minnesota, and spent ten days in the study of the red pipestone 
quarry so famous in the history of the Coteau des Prairies. Evidence of the pre- 
historic operation of this quarry was found in the series of ancient pits extending 
across the prairie for nearly a mile in a narrow belt and following the outcrop of 
the thin layer of pipestone. 

The ancient copper mines of Isle Royale, Lake Superior, were next visited and 
mapped, and extensive collections of stone hammers were obtained from the. very 
numerous pits and trenches. 

Mr. Holmes then went west to Little Falls, Minn., to examine the locality from 
which certain flaked quartz objects, supposed to be of paleolithic age had been 
obtained. It was found that these bits of quartz were the refuse of the manufacture 
of blades of quartz by the aborigines and at a period not necessarily more remote 
than the period of quarry working already described. 

Mr. Cosmos Mindeleff, early in July, 1891, closed the field work on the Rio Verde, 
in Arizona, an account of which was given in the last annual report, and returned to 
Washington, after which time he was engaged for the remainder of the fiscal year in 
office work. 

Mr. Gerard Fowke completed the exploration of the James River and its northern 
tributaries, making interesting discoveries in Botetourt, Bath, Alleghany, and High- 
land counties. He then began an examination of the prehistoric remains of the 
Shenandoah Valley, remaining in the field until December. Later he examined the 
islands and coast between the Savannah and St. Johns rivers, locating mounds and 
shell heaps. In the spring he resumed work in the Shenandoah Valley, making a 
careful and thorough investigation of every county. The results show that this re- 
gion was not the seat of any permanent occupation by the aborigines, though it 
seems to have been a place of resort for hunters in large numbers. 

Mr. William Dinwiddie was engaged during the year in mapping and examining 
the shell banks and other aboriginal remains of the Potomac-Chesapeake region. 

As Prof. Cyrus Thomas was engaged most of his time during the year in necessary 
oftice work, his field work was limited. Finding it desirable that more accurate 
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information in reference to certain ancient works in Vanderburg County, Ind., 
should be obtained, he engaged Mr. F. W. Wright to make a careful survey and 
measurement of them, As the result showed that they were of unusual importance 
on account of their peculiar character as compared with other ancient works of the 
same section, Prof. Thomas thought it necessary to make a personal examination of 
them, and did so. During the same trip he examined certain important mounds in 
Illinois, among which was the noted ‘‘Cahokia” or ‘“Monk’s Mound,” of Madison 
County. His object in this case was to ascertain the present condition of this re- 
markable monument, and to investigate certain other points in relation to which 
satisfactory conclusions could be reached only by personal inspection. 

He also made during the summer another examination of the Newark works and 
Fort Ancient, in Ohio, in order to settle some points which previous reports had 
overlooked. At his suggestion the director had a resurvey made, under Mr. Gannett’s 
direction, of the four most noted circles of the Ohio works, the plane table being 
used to show their exact form as they at present appear. x 

Mr. F. H, Cushing, during the summer and autumn months of 1891, made some ex- 
aminations on the shores of Lake Erie, near Buffalo, and of Lake Ontario in Orleans 
County, N. Y., where he discovered pottery of the well-known net-impressed lacust- 
rine or littoral type, and also, at the former point, some pits or slightly indurated 
cavities in the sand, which he considered to be connected with the manufacture of 
that pottery. By experiments made without the aid of modern appliances of any 
kind he duplicated the ancient specimens found in the vicinity and showed that 
these pits, lined with ordinary fishing nets, had actually been used simply and 
effectively for shaping pottery. He has prepared an illustrated report giving the 
details on the subject. 

General field studies.—In August, 1891, Mrs. Matilda C. Stevenson resumed her in- 
vestigations into the mythology, religion, and sociology of the Zuni Indians, mak- 
ing careful study of the shrine worship, which constitutes such an important feature 
in the religion of those people. She added to the already valuable collection of 
photographs and sketches of their sanctuaries, made in previous years by Mr. James 
Stevenson, and by the aid of the war priest of Zuni, secured from the tribe some 
interesting objects. 

Throngh the influence of the war priest, the priest of the K4-ké and theurgists of 
the ‘‘medicine societies,” Mrs. Stevenson was able to be present at Zuni cere- 
monials almost continuously from the time of her arrivalto her departure in March. 

Dr. W. J. Hoffman proceeded early in August to the Menomonee Reservation, Wis- 
consin, in response to an invitation from the Mitawok or chiefs of the Mitawit (or 
‘“‘Grand Medicine Society”) of the Menomonee Indians, to observe the ritualistic cere- 
monies and order of initiation of a new candidate for membership, for comparison 
with similar ceremonials of other Algonquian tribes. In addition to the mythologic 
material collected at this attendance, he also secured much valuable information re- 
lating to the primitive customs and usages of the Menomonee for use in the prepara- 
tion of a monogravh upon that people. Specimens of their workmanship were also 
collected. 

As he had been appointed a special agent for making ethnologic collections for the 
exhibit to be made by the Burean of Ethnology at the World’s Columbian Exposi- 
tion, he secured a collection of Menomonee material, as well as a number of desired 
objects at White Earth Reservation, Minnesota. In May, 1892, he visited the Crow 
Agency, Mont., to procure a collection of articles to illustrate the industries and 
workmanship of the Crow Indians. It was specially desirable to obtain some of the 
elaborate clothing for which the tribe is remarkable. A unique series of articles was 
obtained, after which a visit was made to the isolated band of Ojibwa at Leech Lake, 
Minn, to collect various specimens desired to complete the collection illustrating 
early Ojibwa history. 

On his return, Dr, Hoffman again stopped at the Menomonee Reservation to make 
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final collections of ethnologic material and to complete his studies of the ritual and 
initiatory ceremonies of the Grand Medicine Society, a meeting of which body had 
been called for this special purpose. He returned to Washington in June, 1892. 

Mr. James Mooney, during the field months of the fiscal year, continued the col- 
lection for an exhibit at the World’s Columbian Exposition, of objects to illustrate 
the daily life, arts, dress, and ceremonies of the Kiowa in the southeastern part of the 
Indian Territory. That tribe was selected as continuing in its primitive condition 
more perfectly than any other which could be examined with profit. He succeeded 
inmaking a tribal collection which is practically complete, including almost every 
article in use among the Kiowas for domestic uses, and for war, ceremony, amuse- 
ment, or dress. A number of illustrating photographs were also obtained. On his 
return in August this collection was labeled and arranged in cases ready for trans- 
portation to Chicago on the opening of the Exposition, and by means of the photo- 
graphs and costumes obtained several groups of life-size figures were prepared to 
show characteristic scenes in Indian life. 

In Nevember he again set forth to obtain additional information upon the ghost 
dance, especially among the principal tribes not before visited. After a short stay 
in Nebraska with the Omahas and Winnebagoes, neither of whom, as it was found, 
had taken any prominent part in the dance, he went to the Sioux at Pine Ridge 
Agency, S. Dak., the chief seat of the late outbreak, where he collected a large 
number of songs of the dance and much miscellaneous information on the sub- 
ject. From there he went to the Piutes in Nevada, among whom the Messiah and 
originator of the ghost dance resides. Here he obtained the statement of the doc- 
trine from the lips of the Messiah himself, took his portrait, the only one ever taken, 
and obtained a number of dance songs in the Piute language. He then returned to 
the Cheyennes and Arapahoes in the Indian Territory, among whom he had begun 
the study of the dance, and obtained from them the original letter which the Mes- 
siah had given them, containing the authentic statement of his doctrine and the 
manner in which they were to observe the ceremonial. He returned to Washington 
in February. 

In May he again started out to gather additional ethnologic material, especially 
with regard to the Kiowas, and to obtain further collections for the World’s Co- 
umbian Exposition. Going first to the Sioux, he proceeded next to the Shoshones 
and Northern Arapahoes, in Wyoming, and then turned south to the Kiowas, in the 
Indian Territory, where he was still at work at the close of the fiscal year. 

Mr. H. W. Henshaw, on May 14, 1892, proceeded to New Mexico and California 
for the purpose of pursuing certain linguistic investigations and to make collections 
for the World’s Columbian Exposition. This duty was continued until the close of 
the fiscal year. 

Rev. J. Owen Dorsey, from January 14 to February 21, 1892, made a trip to Le- 
compte, Rapides Parish, La., for the purpose of gaining information from the sur- 
vivors of the Biloxi tribe. He found only one person, an aged woman, who spoke 
the language in its purity, and two others, a man and his wife (the latter the 
daughter of the old woman), whose dialect contains numerous modifications of the 
ancient language. From these three persons he obtained several myths and other 
texts in the Biloxi language, material for a Biloxi-English dictionary, local names, 
personal names, names of clans, kinship terms, lists of flora and fauna, with their 
Biloxi names, and grammatical notes. He filled many of the schedules of a copy of 
the second edition of “‘ Powell’s Introduction to the Study of Indian Languages” 
(English-Biloxi in this instance). He brought to Washington a few botanical speci- 
mens, for which he had gained the Biloxi names, in order to obtain their scientific 
names from the botanists of the Smithsonian Institution. He photographed three 
Biloxi men and two women, all that could be found. There were about seven other 
Biloxi residing in the pine forest 6 or 7 miles from Lecompte, but they would not 
be interviewed. The Biloxi language contains many words which resemble their 
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equivalents in other Siouan languages, some being identical in sound with the cor- 
responding words in Dakota, Winnebago, etc. The Biloxi has more classifiers than 
are found in the other languages of this family, and while it uses adverbs and con- 
junctions, it often expresses a succession of actions by mere juxtaposition of two, 
three, or more verbs. In the paucity of model prefixes it may be compared with 
the Hidatsa and Tutelo, and in the use of da and tt" it may be classed with the 
Kwapa and Hidatsa. The information now gained permits a tabular comparison of 
the Biloxi with the Hidatsa, Winnebago, Catawba, and Tutelo, those five being re- 
garded as the archaic languages of the Siouan family. 

Mr. Albert S. Gatschet, having met with little success in his previous attempt, in 
1884, to study the Wichita language in the field, continued to watch for better oppor- 
tunities. In 1892 he met twelve young men of that tribe in the Educational Home 
(branch of the Lincoln Institute) at Philadelphia, and selected four of the brightest 
of their number, who seemed to be the most promising through their advanced knowl- 
edge of English. With their help he gathered about three thousand terms~f Wich- 
ita, which is a Caddoan dialect, also a large number of paradigms, sentences, and a 
few mythological texts. A thorough interchangeability of the consonants makes the 
study peculiarly difficult. 

Maria Antonia, a young Costa Rica woman residing in Philadelphia, was questioned 
concerning what she remembered of her native tongue, the Guatuso. About one 
hundred and twenty vocables were recorded as the result of the inquiry. Mr. 
Gatschet’s field work extended from the beginning of March to the beginning of 
June, 1892. 

OFFICE WORK. 


The Director took special pains in the revision and correction of his work on the 
Indian Linguistic Families of America north of Mexico,” as it passed through the 
press. The scope and importance of this linguistic classification has before been 
explained, and the paper forms part of the Seventh Annual Report of the Bureau, 
now issued. 

Col. Garrick Mallery, U. S. Army, was chiefly occupied in writing in final form, 
for publication in the Tenth Annual Report of the Bureau, a comprehensive paper 
on the ‘‘Picture Writing of the American Indians,” which presents the result of 
several years of personal exploration and study of all accessible material on that 
subject. At the close of the year, the manuscript and the drawings for the large 
number of necessary illustrations had been transmitted through the Secretary of 
the Smithsonian Institution to the Public Printer. Col. Mallery was also, during 
the greater part of the year, charged with administrative duties and with the exe- 
cution of a variety of special works under the instructions of the Director. 

Mr. H. W. Henshaw, in addition to his usual administrative duties, when not in the 
field as before mentioned, was employed in preparing the exhibit of the Bureau for 
the World’s Columbian Exposition at Chicago and also in the preparation of the 
forthcoming volume on ‘ Tribal Synonymy,” the purport and utility of which have 
been explained in former reports. In this work Mr. Henshaw has had the assistance 
of Mr. F. Webb Hodge, who has devoted special attention to the Piman, Yuman, and 
the several Pueblo linguistic stocks. 

The office work of Mr. W. H. Holmes consisted in the completion of papers upon 
the pottery and shellwork of the aborigines of the United States. A third paper 
was written upon the textile fabrics obtained from the mound region, and a fourth 
upon the stone implements of the tide-water country. A fifth paper upon the gen- 
eral archeology of the region was commenced, 

At the commencement of the official year Prof. Cyrus Thomas was engaged in ex- 
amining and correcting the proof of his ‘Catalogue of Prehistoric Works East of 
the Rocky Mountains,” which was published in the latter part of 1891, as a Bulletin 
of the Bureau. This examination involved in many cases the necessity of a refer- 
ence to the authorities quoted. 
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Much of his time during the year was employed in writing the final pages of the 
report on the field work and explorations which for several years had been in his 
charge, and in adapting it toa change in the form and manner of its publication 
which had been made necessary. This involved the re-writing of many pages and 
a material condensation of thé introductory portion relating to the distribution of 
types of mounds. It was completed by the close of the fiscal year and filed for pub- 
lication, nearly all the illustrations having been drawn and prepared for engray- 
ing. 

He devoted all his spare time to the study of the Maya Codices and in the prepa- 
ration of a report of the discoveries he made therein. One of these, which is deemed 
of much interest and importance, is that, when the Dresden Codex, which is consid- 
ered the most ancient of those known, was written, the year consisted of 365 days, 
and that the calendar was arranged precisely as it was found to be by the Spanish 
conquerors. But his most important discovery was made during the closing days 
of the year. This consisted in what may be termed the discovery of the key to the 
signification of the hieroglyphic characters of the Codices by which it is probable 
that the inscriptions may ultimately be read. This discovery, which the tests so 
far applied appear to confirm, consists, first, in the evidence that the characters as a 
rule are phonetic and, second, in ascertaining the signification of a sufficient number 
to form a basis for the interpretation of the rest. If this discovery proves to be 
what, from the evidence presented, it appears to be, it will be of incaleulable im- 
portance to American archeology. 

Early in the year the work of Mr. Cosmos Mindeleff commenced in repairing and 
securing the preservation of the Casa Grande ruin. This work was ordered by act 
of Congress and plans had been prepared by Mr. Mindeleff while in Arizona during 
the previous year. These plans provided for the excavation of the interior of the ruin, 
the underpinning of the walls with brick and cement, the use of tie-beams to hold 
the walls in place and render them more solid, the restoration of the lintels over door 
and window openings, and the filling of the cavities above the lintels with brick 
and cement. The work was compieted in November and was inspected and ac- 
cepted. Although all that was deemed necessary to preserye the ruin could not be 
done with the appropriation provided, still it is believed that enough was done te 
preserve it in its present condition for many years. All the work done was directed 
to the preservation of the ruin, no attempt at restoration being made. In June, 
1892, the President, in accordance with the authority vested in him by Congress, 
reserved from settlement twelve quarter sections about the ruin, comprising an area 
of about 480 acres. A number of specimens obtained during the excavation were 
shipped to Washington and deposited in the National Museum. 

During a part of the year Mr. Mindeleff was engaged in the preparation of a 
report upon his field werk of the previous year. This report, entitled ‘Aboriginal 
Remains in the Valley of the Rio Verde, Arizona,” was completed and will appear in 
the Twelfth Annual Report of the Bureau. Aside from a comprehensive treatment of 
the ruins in the valley of the Verde the report will contain the first illustrations 
published of ancient irrigating ditches, and the first comprehensive data, including 
illustrations of cavate lodges. It is fully illustrated from photographs, plans, and 
surveys made by the author. Subsequently he commenced a scientific report on 
the Casa Grande ruin of Arizona. 

No new work was undertaken in the modelling room during the year, as the entire 
force was occupied upon the preparation of duplicates of models previously made, 
for use at the World’s Coinmbian Exposition and elsewhere. Six models, in addi- 
tion to other material, were sent to Spain, to be exhibited at the historical exposi- 
tion at Madrid, The series comprised models of the Pueblo of Zuni, New Mexico, 
the Pueblo of Walpi, Arizona, Mummy Cave cliff ruin, Arizona, all of large size, ang 
three smaller models of ruins. 
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An indefinite leave of absence without pay was granted to Mr. Frank H. Cushing 
in December, 1886, in order that he might organize and conduct the important ex- 
plorations in southern Arizona and the Zuni country of the Southwestern Archeo- 
logical Expedition established by Mrs. Mary Hemenway, of Boston. His successful 
fulfillment of this work was suddenly interrupted in the winter of 1889 by a severe 
and prostrating illness, which disabled him until the summer of 1891. He 
was therefore unable to resume promised work on his older Zuni material for the 
Bureau until August, 1891, when he began the preparation of a contribution in- 
tended to appear in the Twelfth Annual Report of the Bureau, on the Zuni myths of 
creation and migration as related to the mythic drama-dance organization, or Kakd 
of the Zunis, and the so-called Cachina ceremonials of all Pueblo and other south- 
western tribes. Mr. Cushing’s discoveries as set forth in this essay confirm and 
substantiate the opinion held by the Director that all primitive so-called dance cer- 
emonials are essentially dramatic, and they go so far as to indicate also that all 
primitive ceremonials, of whatever nature, are essentially dramatureic, thus making 
his contribution of general as well as of special significance. 

In January, 1892, Mr. Cushing again reported at Washington and was regularly 
engaged as an ethnologist of the Bureau on the Ist of February, and has since been 
occupied in elaborating his paper on the myths of the drama dances and on a 
study of manual concepts or the influence of primitive hand-usages on mental de- 
velopment in the culture growth of mankind. 

Mrs. Stevenson returned from the field work before mentioned in March, 1892, and 
was employed for the remainder of the fiscal year in preparing her field notes for 
publication. 

Mr. Gerard Fowke was engaged during December and January in preparing a re- 
port of the season’s work by him in archeology, arranging and classifying the speci- 
mens procured, and embodying in reports, previously prepared, the results of recent 
discoveries. 

The office work of Dr. Hoffman consisted in arranging the material gathered dur- 
ing the preceding field season and in preparing for publication an account of the 
Midéwiwin, or so-called “Grand Medicine Society,” of the Ojibwa Indians of White 
Earth, Minnesota. This work, which forms one of the papers accompanying the 
Seventh Annual Report, embraces new material and consists of the traditions of the 
Indian cosmogony and genesis of mankind, the ‘‘materia medica” of the shamans, 
and the ritual of initiation, together with the musical notation of the chants and 
songs used. 

During the winter and spring months a delegation of Menomonee Indians from Wis- 
consin visited Washington and Dr. Hoffman frequently conversed with them to ob- 
tain information explanatory of the less known practices of the Menomonee ceremony 
of the Mitawit, or their ‘‘Grand Medicine Society,” for the purpose of comparison 
with the ritual as observed by the Ojibwa. In addition a large mass of mythologie 
material was obtained, as well as texts in the Menomonee language. 

On returning from the field in August 1891, Mr. James Mooney spent about ten 
weeks in arranging his Kiowa collection for the World’s Columbian Exposition, 
writing out a series of descriptive labels, and in copying all the more important 
documents relating to the “‘ ghost dance” from the files of the Indian Office and the 
War Department. He then again went out into the field, as above stated, returning 
to Washington in February 1892. About three months were then occupied in ar 
ranging the material thus obtained and in writing the preliminary chapters of his 
report on the ghost dance. He also superintended the preparation, at the National 
Museum, of a number of groups of life-size figures to accompany the Kiowa collec- 
tion at the World’s Fair. 

Rev. J. Owen Dorsey continued the arrangement of Kwapa texts with interlinear 
and free translations and critical notes. He revised the proof of ‘ Omaha and Ponka 
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Letters,” a bulletin prepared from (egiha texts collected by himself. He finished 
the collation of all the Tutelo words recorded by Dr. Hale, Mr. J. N. B. Hewitt, and 
himself, with the result that he had 775 words in the Tutelo-English dictionary. 
He furnished a list of several hundred linguistic and sociologic questions to be used 
among Indian tribes. These questions were in addition to those contained in the 
second edition of Poweil’s Introduction to the Study of Indian Languages and were 
based on original investigations made by Mr. Dorsey among the Siouan tribes. He 
prepared for publication the following articles: Siouan Onomatopes (sound-roots), 
illustrated by charts; The Social Organization of Siouan Tribes, illustrated by fig- 
ures consisting chiefly of material gained by himself from the Dakota tribes, the 
Omaha, Ponka, Kwapa, Osage, Kansa, lowa, Oto, Missouri, Winnebago, and Tutelo; 
Nanibozhu in Siouan Mythology; Games of Teton Dakota Children (translated and 
arranged from the original Teton manuscript in the Bushotter collection of the 
Bureau of Ethnology). 

After his return from Louisiana he devoted most of his time to the arrangement of 
the material collected in his Biloxi note-books. He prepared a Biloxi-English dic- 
tionary of 3,183 words on about 7,000 slips in alphabetic order. He arranged the 
Biloxi texts for publication, adding to the myths (with their interlinear and free 
English translations and critical notes) a list of several hundred Biloxi phrases. 
In his article on the Biloxi kinship system, he gave 53 kinship groups, of which 
number only 27 have their counterparts in the Dakota, (egiha, and other Siouan 
languages of the Missouri valley. The elaboration of all the Biloxi material could 
not be completed by June 30, 1892. 

Mr. Albert 8. Gatschet assisted in augmenting and improving the data for the 
Tribal Synonymy now in preparation, by extracting material from a number of 
books and original reports especially referring to southern and southwestern In- 
dians. Hismain work during the year was directed towards extracting and arrang- 
ing some of the more extensive vocabularies made by him previously in the field. 
After completing the Tonkawe of Texas, he carded each word of the Shawano and 
Creek languages obtained by him, copied the historical and legendary texts of both, 
and extracted the lexical and grammatic elements from them to serve as the ground- 
work for future grammars. The remains of the Virginia or Powhatan languages 
that are known were also made accessible by carding the terms. 

During the fiscal year Mr. J. N. B. Hewitt was a part of the time engaged in careful 
study of the grammatic forms of the Iroquoian languages, especially in the ascer- 
tainment of the number and order in which the affixes may be used with one and 
the same stem or base. He was also engaged in translating, extracting, and trans- 
ferring to library cards, from the ‘‘Découvertes et Etablissements des Francais dans 
VYAmérique septentrionale,” by Pierre Margry, matter relating to the manners, cus- 
toms, beliefs, rights, ceremonies, and history of the Iroquois, which matter is now 
placed on about 20,000 cards. 

He continued his work on the Tuscarora Dictionary and directed attention to de- 
veloping the full number of ordinary sentences in which every generic noun may 
be employed, which affords a measure of the capacity of the vocabulary for the ex- 
pression of thought. 

Mr. James C. Pilling continued his bibliographic work throughout the year, with 
special attention to the Athapascan family. Work upon this family was begun 
early in the fiscal year, on October 13 the manuscript was sent to the printer, and 
at the close of the year but a few pages of the final proofs remained unread. The 
Bibliography of the Athapascan Languages forms a pamphlet of xiii+125 pages. 
While this volume was being put in type Mr. Pilling began the collection of mate- 
rial for a number of bibliographies relating to the languages of the northwest coast 
of America—the Chinookan, Salishan, and Wakashan, and satisfactory progress has 
been made, Probably one or more of them will beready to send to the printer dur- 
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ing the coming autumn. During the month of May, 1892, Mr. Pilling made a brief 
visit to libraries in Boston and Cambridge in connection with the compilation of ma- 
terial relating to these northwest languages. — 

Mr. De Lancey W. Gill continued in charge of the work of preparing and editing 
the illustrations for the publications of the Bureau. 

The total number of illustrations prepared during the year was 980. These draw- 
ings may be classified as follows: 


WWomdsca penser ns eae See oy eee eh ee ert eee 26 
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The number of illustration proofs handled during the year was as follows: Eighth 
Annual Report, 308; Ninth Annual Report, 459; 678 illustrations for the Tenth An- 
nual Report were transmitted to the Public Printer. 

The photographic laboratory remains under the able management of Mr. J. K. 
Hillers. A small but valuable collection of portraits of North American Indians 
was secured by him during the year from sittings; twenty-six negatives were ob- 
tained. The following table shows the size and number of photographic prints 
made: 


Size. Number. | 
20 by 24 45 
11 by 14 274 
8 by 10 546 | 
Sby 8 875 | 
4by 5 elSyom 


PUBLICATIONS. 


The publications issued during the year are as follows: 

(1) ‘‘Seventh Annual Report of the Bureau of Ethnology to the Secretary of the 
Smithsonian Institution, 1885-86, by J. W. Powell, Director.” This report contains 
an introductory report by the Director, 27 pages, with accompanying papers, as 
follows: 

“Jndian Linguistic Families of America north of Mexico,” by J. W. Powell; “The 
Midéwiwin or ‘Grand Medicine Society’ of the Ojibwa,” by W. J. Hoffman; ‘‘The 
sacred formulas of the Cherokees,” by James Mooney. The report forms a royal 
octavo volume of lxi+409 pages, illustrated with 39 figures and 27 plates, one of 
which is a folding plate in a pocket at the end of the volume. 

(2) “Contributions to North American Ethnology, Vol. 1, part u.” This part 
contains the Klamath-English and English-Klamath Dictionary, by Albert Samuel 
Gatschet, and concludes his work relating to ‘‘The Klamath Indians of Southwestern 
Oregon.” The volume is a quarto of 711 pages. 

(3) ‘‘Contributions to North American Ethnology, Vol. v1,” containing the fol- 
lowing papers by James Owen Dorsey: ‘The (‘egiha Language, part 1, Myths, 
Stories, and Letters,” and ‘“‘The Yegiha Language, part u, Additional Myths, Stories, 
and Letters.” The report forms a quarto volume of xviii+794 pages. 

(4) “Contributions to North American Ethnology, Vol. vu, “A Dakota-English 
Dictionary, by Stephen Return Riggs, edited by James Owen Dorsey.” This is a 
quarto volume of x + 665 pages. 

(5) Bulletin of the Bureau of Ethnology. This work consists of a paper entitled 
‘“‘Omaha and Ponka Letters,” by James Owen Dorsey, and forms an octavo volume 
of 127 pages. 
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(6) Bulletin of the Bureau of Ethnology. The work is a ‘Catalogue of Prehis- 
toric Works Hast of the Rocky Mountains,” by Cyrus Thomas. It forms an octavo 
volume of 246 pages, with 17 maps, one of which is in a pocket at the end of the 
volume. 

(7) Bulletin of the Bureau of Ethnology. The work is ‘‘ Bibliography of the Al- 
gonquian Languages,” by James Constantine Pilling. It forms an oetavo volume of 
614 pages, with 82 plates of facsimiles of title-pages of rare works, 

Very respectfully, 
J. Wi. POWELL, 
Director. 
Mr. 8. P. LANGLEY, 
Secretary Smithsonian Institution. 
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APPENDIX IT. 


REPORT OF THE CURATOR OF EXCHANGES FOR THE YEAR ENDING 
JUNE 30, 1892. 


Sir: [have the honor to present the following brief report of the operations of 
the Burean of International Exchanges for the fiscal year ending June 30, 1892: 


TABULAR STATEMENT OF THE WORK OF THE BUREAU. 


- 


The statistics of work done by the Bureau during the year are succinctly given 
in the annexed table, prepared in a form ‘adopted in the preceding reports: 


Transactions of the Bureau of International Exchanges during the fiscal year 1891~92, 
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For comparison with previous years I add a tabular statement from 1886 to 1892, 
inclusive, by which the rapid growth of the service clearly appears: 


| 1886-87 | 1887-88 1888-89 1889-’90 | 1890-’91 | 1891-'92 
2 mee ane Sea omse _ Se | 
Number of packages received. --------- | 61,940 | 75, 107 75, 966 82,572 | 90, 666 | 97, 027 
Weight of packages received ..-------.; 141, 263 | 149,680 | 179,928 202, 657 237, 612 | 226, 517 
Ledger accounts : | | | 
Foreign societies.........---------- | Aas r 4,194 4, 466 5,131 5, 981 6, 204 
Foreign individuats....-..--.------| ; aS Y 4,153 | 4, 699 6, 340 | 7,072 7,910 
Domestic societies ......-...--.---. Le sac |g W070} = 1,855, 1,481 | 1,588 2, 044 
Domestic individuals ..........---- 3 2.165 }) 1,556| 2,610} 3,100; 4, 207 4, 524 
Domestic packages sent .--.--......... | 10,294 | 12,301 17,218 | 13, 216 29, 047 | 26, 000 
Invoices written ........./...---------- | 15.288) 13,525, 14,095 16,948] 21,928 23, 136 
Cases shipped abroad -....---- efaaisenlyes 692 | 663 693 873 | 962 1, 015 
+ Letters received °.42 2-32-2222 J222js5cee es 1,131 | 1, 062 1, 214 | 1,509 | 2,207 | 2, 323 
Letters “written.'25- 42.6 ees eee eae 1,217} 1, 804 | 2, 050 | 1, 625 | 2,417 2, 752 
} ! | | 
EXPENSES. 


The expenses of the exchange bureau are met in part by direct appropriation by 
Congress and in part by appropriations made to Government Departments or 
Bureaus, either in their contingent funds or in specified terms for repayment to the 
Smithsonian Institution of a portion of the cost of transportation. In 1878 the 
Board of Regents established a charge of 5 cents per pound weight for the publica- 
tions sent out or received by the various Government bureaus, this charge being 
necessary to prevent an undue tax upon the resources of the Institution, as the ap- 
propriations made by Congress have never been sufficient to meet the entire cost of 
the service. For similar reasons it has been found necessary to make a charge of 
the same amount to State institutions, and from these a further small sum has been 
received. 

The appropriation made by Congress for the fiscal year 1891-’92 was in the follow- 
ing terms : 

For expenses of the system of international exchanges between the United- States 


and foreign countries, under the direction of the Smithsonian Institution, including 
salaries or compensation of all necessary employees, seventeen thousand dollars. 


The receipts and disbursements by the accounting officer of the Smithsonian 
Institution on account of international exchanges, under date of July 1, 1892, and 
covering the fiscal year immediately preceding, were as follows : 


RECEIPTS. 
Direct appropriation by Congress.............-..- toes eee $17,000. 00 
Repayments to the Smithsonian Institution from United States Govern- 
ment Departments’: . 3% Sci.) sons e = See Se ee ee ee 2, 108. 44 
Sta becinshibubions . . <2). 2 2c cise ctes sesceeiate See ree ae ee ~ . 30:75 
Doge esi selec Nae ee oe hs eee rete tee ee 19, 139.19 
DISBURSEMENTS. 
From _ specific 5 
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The foregoin9 table shows that the entire amount received from Government bu- 


-reau and others was $2,139.19, making the sum practically available for the specific 


purpose of exchanges $19, 139.19, while the expenses have amounted to $20,310.49, the 
deficiency of $1,171.30 being made up from the Smithsonian fund. 

The advantages have been pointed out in previous reports of combining in a single 
item the various appropriations for the exchange service, now divided into compar- 
atively small sums among the several larger appropriation bills of the Government, 
but the matter seems to be of sufficient importance to call attention to it again in 
this place. 

For the year 1891-92 an estimate for the entire expense of the service of $23,000 


was submitted, this sum being intended to include these smaller amounts alluded to, 


and also an item of $2,000 to cover the expense of an immediate exchange of parlia- 
mentary documents with the countries entering into the treaty of Brussels in 1886. 
The amount appropriated was $17,000, the same as that for the preceding year. 


-. 


CORRESPONDENCE, 


The name of each person or institution sending or receiving publications through 
the exchange bureau was heretofore entered upon a large ledger card, showing all 
such packages received or sent. This system has proved itself of great convenience, 
but with the large increase in the number of cards the space occupied has become 
of serious moment, and it was therefore found desirable to begin a new series of 
cards, of smaller size, entering in an abbreviated form the receipts from correspond- 
ents upon a blue card, while the packages forwarded to these correspondents are 
entered upon a white card. Thissystem was put in operation January 1, 1892, and 
during the six months succeeding, 9,808 cards of the new form have been prepared, 
representing the number of correspondents with whom communication has been had 
during that period. There have been added to the list of correspondents during the 
year 1,834 names. 


Additions to list of correspondents. Foreign. | Domestic. 
SCLC INO GIRO NUTOTYS 6 tae ope ee Bo Ace atte Bet Ene ABE Bae Boao cS SAS ete aeeroe 6, 204 2, 044 
PRPC ENRUIT ER 0 See es ocr Be Bee eB OAS SS 2a RS II eI eee eee 7,910 4,524 
Shite 42 dedee eonesan’e AoGee SEES Uae Ae aon e Ope ene Soe ae ae 14, 114 | 6, 568 


INTERNATIONAL EXCHANGE OF OFFICIAL DOCUMENTS, 


Under the treaty alluded to in the Secretary’s report for 1887-88, the exchange of 
the official publications of the United States Government with other governments 
has been continued by the Smithsonian Institution, and it now forms a very large 
proportion of the bureau’s work. 

The entire number of publications sent abroad during the year under the provision 
of the act of Congress of March 2, 1867, and of the treaty above referred to, was 
27,873, and there have been received in return 1,941 packages or volumes. The 
United States Government Departments have forwarded to their correspondents 
abroad 20,373 packages, and have received in return 13,000 packages. The total 
number of exchanges on Government account has been 14,941 received and 52,783 
packages sent abroad. There have, therefore, been a total of 67,724 packages, or 
about 70 per cent of the total number handled. 
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This exchange on account of Government bureaus is shown in detail in the fol- 
lowing table: 


Statement of Government exchanges during the year 1891~ 92. 


Packages— / | es Packages— 
Yame of bureau. See a ee ee Name of bureau. | 3 
Name of bureau | Benen | Sent by. Received Sent by. 

American Ephemeris - -.----- Whleeoce:oase | Navy Department library -- UST | esr areeteee 
Astro-physical Observatory -| 53 | 1 || Office of Indian Affairs --- -- 2 |.2c22-cee. 
Bureau of Education. -..-.--- 85 1 Office of Naval Intelligence. de eee 
Bureau of Ethnology -------- 104 1, 809 | Office of the Chief of Engi- 
Bureau of International Ex- hh ARES oonconmad oucubenses 37 4 52 

CHangosaace-e ences eee 3 |.-.-------|| Ordnance Bureau (War De- | 
Bureau of Medicine and © spartment)S.o---2-seeees eae 3 | 70 

Surgery:.-----2------------ Pay eeersey ae || Post-Office Department. .---.- 1 esata: 
Bureau of Navigation ----.-. EN arc here | Public Printer oc. ase esse eee | 32, 410 
Bureau of Ordnance (Navy | Smithsonian Institution. ---! 9, 975 6, 535 

Department) ..--..--.------ WN saasanseae | Surgeon - General’s Office | 
Bureau of Statistics ......--. LO Seren ree {jc Ui Aariniy) tase eies at 156 | 555 
Bureau of SteamEngineering. al acne aa Surgeon-General(U.S. Navy) - ‘LO |pnaeeeeeee 
Bureau of the Mint..--...--- Sale eee i U.S. Board on Geographic 
Census Omice. terse = cesses Sa Ne Names ect aeeas te eee 1 joss teeee 
Commissioner of Patents. --. Wiles ce See || UO. S. Coast SULVOY =. esse. -- 69 | 221 
Comptroller of the Currency - Rein soos se i U. S$. Commissioner of 
Department of Agriculture... 143 | 893 1 Weights and Measures. -- 2 | EE esescc 
Department of Justice ....-- LO see tee | U. S. Entomological Com- 
Department of Labor..-...--. 26 | 532) |i marission eee a een Sipsanecece.s 2 
Department of State.......-. 22 veeeessae || U. S. Fish Commission -..-. 5x, | 605 
Department of the Interior.. 29 | 45 | U.S. Geographical Survey -. SO) soso eeeeee 
Department of War .....-.-- 3 | 225 ] U.S. Geological Survey ---.| 434 3, 260 
General Land Office.......... oy SE Se || U.S. National Museum. ..-. | 1, 294 3, 566 
House of Representatives - - .| IW | See aenteae | U.S. Naval Observatory. --. 112 951 
Hydrographic Office ......... | Ga eee ees || U.S. Patent Office. ........- 45 491 
iniexe Med icusae assesses 1 | Pere eee | USS: Senatorcececcesassetes PDE eS Sd 
Library of Congress......... 104 1 eee eee || U. S. Signal Office .......... | a1 | 16 
Light-House Board.......... 2 i | U.S. Treasury Department. 9 ar ee 
Marine Hospital Service..-.. 5 94 | U.S. Weather Bureau ...... | 50 181 
National Academy of Sci- | 14, 941 52, 783 

ORGS bs Sogo ron HSescnowen acca 48 91 | 
Nautical Almanac Office. -... | 14 | 183 | Total ...........--..-.. 67, ie 

( it 


Adding this to the number of miscellaneous packages the total of 97,027 packages, 
weighing 113 tons, has passed through the burean. 


EFFICIENCY OF THE SERVICE, 


It is, perhaps, desirable to rehearse briefly here the method of receiving and hand- 
ling exchange packages received by the Institution. 

Scientific societies and individuals in the United States desiring to forward their 
publications abroad send them to the Smithsonian Institution, where a record is 
kept of the number of packages received, under the sender’s name, and also a record 
showing each person or institution to which a copy of the work in question is trans- 
mitted. The books are then packed, with invoices from other senders, and for- 
warded by freight to the Government bureau abroad which has undertaken the 
task of distributing all exchange packages in that country. The books are for- 
warded direct to the paid agents of the Institution, if in Great Britain or Germany, 
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by whom they are distributed by mail or express, the Institution asstuning the cost 
of transportation to the distributing agents, and in the case of its special agent the 
cost is further defrayed to the recipient when practicable. Because of the lack of 
Sufficient funds transportation is effected by slow freight, and the governmental 
bureau of the United States or other correspondents of the Institution can not expect 
their publications to be delivered with the same proniptness with which they may be 
sent by mailor by express. The transmissions are especially slow to foreign countries 
with which we have comparatively infrequent communication. To England and 
Germany, where, as before stated, the agencies are under control and pay of the 
Smithsonian Institution, and to France, cases are dispatched on the average about 
three times a month. 

Special care is taken to insure the safe delivery of the package to the person ad- 
dressed, and the cases of failure constitute but a small percentage of the entire num- 
ber of packages handled. Some errors are inevitable unless the greatest care is ex- 
ercised by the sender in securing the proper address of his correspondents. 

With each package sent out a receipt card is forwarded requesting acknowledg- 
ment thereon of the package in question, and when this receipt is placed in the files 
of the exchange office the record of that particular package is complete. 

Transmissions from abroad received by freight in large cases are distributed in the 
United States by registered mail, a record first having been made of the name of the 
sender and of the recipient of each package. A receipt card, returnable by mail 
without postage, is sent with each of these packages, and should be returned at 
once by the recipient in acknowledgment of the package, otherwise further trans- 
missions to that address can not be made. It should be borne in mind that as no 
record is made of the title of the book contained in each package, it is not always 
possible to trace a given work unless the date of its dispatch to the exchange office 
is known. 

I give this account of the working of the Exchange Service, as Lam led to believe 
froma number of inquiries with reference to this Bureau that it is not thoroughly 
understood by all who have had occasion to make use of it. 

Lam gratified to state that, the recommendation for additional assistance con- 
tained in previous reports having been approved, it has been possible to bring the 
records and files into a much more satisfactory state than heretofore, as, owing to 
the insufficient clerical force, the work has been for several years past somewhat in 
arrears. By theadoption of new and abbreviated forms for records the clerical work 
has been materially decreased without the sacrifice of accuracy, though in spite of 
this reduction in the work and the increase of the force it is only now possible to keep 
the work of the Bureau well up to date. This, I think, will readily be understood 
if it is remembered that since 1886 the number of packages accounted for has been 
nearly doubled. 

Six thousand four hundred and sixty-one more packages were handled in 1891~92 
than in the previous year, and on June 30, 1892, there were but 102 packages on 
hand to be disposed of. 

The increased number of shipments to the principal foreign countries has been 
maintained, as shown in the tables appended as Exhibit A. <A further improvement 
in this direction can be looked for only when the appropriations made by Congress 
become sufficient to enable the Institution to pay for fast freight. As it is now, 
free freight is granted by a majority of the ocean steamship companies to the Smith- 
sonian Institution in its endeavor to increase and diffuse knowledge among men, 
while full rates would be charged to the United States Government for a similar 
service; anil where the privilege of free freight has not been secured the exchange 
boxes are sent by slow steamers or by sailing vessels offering low rates. 

I take pleasure in bearing witness to the conscientious efficiency of the employés 
of the Exchange Office, and I beg leave to express my appreciation of the careful 


64 ‘REPORT OF THE SECRETARY. 


attention to the interests of the Bureau on the part of its special agents abroad, 
Doctor Felix Fliigel, in Leipzig, and Messrs. William Wesley & Son, in London. 

Grateful acknowledgments are also due to the following transportation companies 
and firms fortheir continued liberality in granting free freight, or in otherwise 
assisting in the transmission of exchange parcels and boxes, while to other firms 
thanks are due for reduced rates of transportation in consideration of the disinter- 
ested services of the Institution in the diffusion of knowledge. 


LIST OF SHIPPING AGENTS GIVING FREE FREIGHT. 


Allen Steamship Company (A. Schumacher & Co., agents), Baltimore. 

d@Almeirim, Baron, Royal Portuguese consul-general, New York. 

American Board of Commissioners for Foreign Missions, Boston. 

American Colonization Society, Washington, District of Columbia. 

Anchor Steamship Line (Henderson & Bro., agents), New York. 

Atlas Steamship Company (Pim, Forwood & Co.), New York. 

Bailey, H. B., & Co., New York. 

Bors, C., consul-general for Sweden and Norway, New York. 

Botassi, D. W., consul-general for Greece, New York. 

Boulton, Bliss and Dallett, New York. 

Calderon, Climaco, consul-general for Colombia, New York. 

Caldo, A. G., consul-general for Argentine Republic, New York. 

Cameron, R. W. & Co., New York. 

Baltazzi, X., consul-general for Turkey, New York. 

Compagnie Générale Transatlantique (A. Forget, agent), New York. 

Cunard Royal Mail Steamship Company (Vernon H. Brown & Co., agents), New 
York. : 

Espriella, Justo R. de la, consul-general for Chile, New York. 

Florio Rubattino Line—Navigazione Generale Italiana (Phelps Bros. & Co.), New 
York. 

Hamburg American Packet Company (R. J. Cortis, manager), New York. 

Hensel, Bruckmann &. Lorbacher, New York. 

Inman Steamship Company (Henderson & Bro., agents), New York. 

Mantez, Jose, consul-general for Uruguay, New York. 

Mufiioz y Espriella, New York. 

Navarro, J. N., consul-general for Mexico, New York. 

Netherlands American Steam Navigation Company (W.H. Vanden Toorn, agent), 
New York. 

New York and Brazil Mail Steamship Company, New York. 

New York and Mexico Steamship Company, New York. 

North German Lloyd (agents: Oelrichs & Co., New York; A. Schumacher & Co., 
Baltimore). 

Obarrio, Melchor, consul-general for Bolivia, New York. 

Pacific Mail Steamship Company (H. J. Bullay, superintendent), New York. 

Panama Railroad Company, New York. 

Pioneer Line (R. W. Cameron & Co.), New York. 

Perry, Ed., & Co., New York. 

Pomares, Mariano, consul-general for Salvador, New York. 

Red Star Line (Peter Wright & Sons, agents), New York and Philadelphia, 

Royal Danish consul, New York. 

. Ruiz, Domingo L., consul-general for Ecuador. 

Stewart, Alexander, consul-general for Paraguay, Washington, District of Colum- 
bia. 

Toriello, Enrique, consul-general for Guatemala, New York. 

White Cross Line of Antwerp (Funch, Edye & Co.), New York. 


‘ 


REPORT OF THE SECRETARY. 65 


LIST OF THE CORRESPONDENTS OF THE SMITHSONIAN ACTING AS ITS AGENTS FOR 
THE INTERNATIONAL EXCHANGES, 

Algeria: Bureau Frangais des Echanges Internationaux, Paris, France. 

Argentine Republic: Museo Nacional, Buenos Aires. 

Austria-Hungary: Dr. Felix Fliigel, No. 1, Robert Schumann Strasse, Leipzig, Ger- 

many. 

Brazil: Bibliotheca Nacional, Rio Janeiro. 

Belgium: Commission des Echanges Internationaux, Rue du Musée, No. 5, Brussels, 

Bolivia: University, Chuquisaca. 

British America: McGill College, Montreal, or Geological Survey Office, Ottawa, 

British Colonies: Crown Agents for the Colonies, London, England. 

British Guiana: The Observatory, Georgetown. 

Cape Colony: Colonial Secretary, Cape Town. 

China: Dr. B. W. Doberck, Government Astronomer, Hong-Kong; for Shanghai: 

Zi-ka-wei Observatory, Shanghai. - 

Chili: Museo Nacional, Santiago. 

Colombia (U. 8. of): National Library, Bogota. 

Costa Rica: Instituto Fisico-geografico Nacional, San José. 

Cuba: Dr. Frederico Poey, Calle del Rayo, 19, Habana, Cuba. 

Denmark: Kongelige Danske Videnskabernes Selskab, Copenhagen. 

Dutch Guiana: Surinaamsche Koloniaale Bibliotheek, Paramaribo. 

East India: Director-General of Stores, India Office, London. 

Ecuador: Observatorio del Colegio Nacional, Quito. 

Egypt: Institut Egyptien, Cairo. 

France: Bureau Francais des Echanges Internationaux, Paris. 

Germany: Dr. Felix Fliigel, No. 1, Robert Schumann Strasse, Leipzig. 

Great Britain and Ireland: William Wesley & Son, 28, Essex street, Strand, London. 

Greece: National Library, Athens. 

Guatemala: Instituto Nacional de Guatemala, Guatemala. 

Guadeloupe (Same as France.) 

Haiti: Secrétaire d’Etat des Rélations Extérieures, Port au Prince. 

Honduras: Bibliotheca Nacional, Tegucigalpa. 

Iceland: Icelands Stiptisbokasdfn, Reykjavik. . 

Italy: Biblioteca Nazionale Vittorio Emanuele, Rome. 

Japan: Minister of Foreign Affairs, Tokio. 

Java: (Same as Holland.) 

Liberia: Libétia College, Monrovia. 

Madeira: Director-General, Army Medical Department, London, England. 

Malta: (Same as Madeira. ) 

Mauritius: Royal Society of Arts and Sciences, Port Louis. 

Mozambique: Sociedad de Geografia, Mozambique. 

Mexico: Packages sent by mail. 

New Caledonia: Gordon & Gotch, London, England. 

Newfoundland: Postmaster General, St. Johns. 

New South Wales: Government Board for International Exchanges, Sydney. 

Netherlands: Bureau Scientifique Central Néerlandais, Den Helder. 

New Zealand: Colonial Museum, Wellington. 

Nicaragua: care Captain J. M. Dow, Panama. 

Norway: Kongelige Norske Frederiks Universitet, Christiania. 

Paraguay: Government, Asuncion. 

Peru: Biblioteca Nacional, Lima. 

Philippine Islands: Royal Economical Society, Manila. 

Polynesia: Department of Foreign Affairs, Honolulu, 

Portugal: Bibliotheca Nacional, Lisbon. 


H. Mis. 114 iD 
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Queensland: Government Meteorological Observatory, Brisbane. 

Roumania: (Same as Germany). 

Russia: Commission Russe des Echanges Internationanx, Bibliotheque Impériale 
Publique, St. Petersburg. 

St. Helena: Director General, Army Medical Department, London, England, 

San Saivador: Museo Nacional, San Salvador. 

Servia: (Same as Germany.) 

South Australia: General Post-Office, Adelaide. 

Spain: R. Academia de Ciencias, Madrid. 

Sweden: Kongliga Svenska Vetenskaps Akademien, Stockholm. 

Switzerland: Central Library, Bern. 

Tasmania: Royal Society of Tasmania, Hobarton. 

Turkey: American Board of Commissioners for Foreign Missions, Boston. 

Uruguay: Oficina de Deposito, Reparto y Canje Internacional, Montevideo, 

Venezuela: University Library, Caracas. 

Victoria: Public Library, Museum, and National Gallery, Melbourne. 


APPENDIX A. 


Transmission of exchanges to foreign countries. 


Country. | 


Argentine Republic 


Austria-Hungary 


1StS Raq riteoe Basoecademcses ses 
Bolivia 
Brazil 
British Colonies 


Date of transmission, etc. 


October 18, November 10, December 16, 1891; January 19, April 6, June 
14, 1892. 

July 14, 25, August 19, September 3, October 3, 14, 27, November 6, 19, 23, 
December 8, 17, 23,1891; January 13, 25, February 5,10,17, March 1, 4, 
11, 12, 25, 29, April. 11, 19, 30, May 3, 23, 28, June 20, 30, 1892. 

October 20, November 12, 23,1891; January 15, February 1, 19, March 21, 
April 2, May 12, June 6, 30, 1892. 

| December 16, 1891. 

| October 13, November 10, 1891; January 19, April 16, June 14, 30, 1892. 

October 29, 1891, January 26, June 17, 30, 1892. 


MDenMarlkeeseccsessse cee senes ae 


Dutch Guiana 
Bast Waididess.seciscoc eee cate 
Ecuador 
Egypt 


Germany 


Great Britain, ote 


August 1, November 16,1891; January 26, June 16, 1892. 
January 18, April 4, Juue 10, 1892. 

October 13,1891; February 11, April 6, June 14, 30, 1882. 
October 13,1891; January 19, April 6, June 14, 1892. 
November 13,1891; January 23, June 18, 1892. 


| November 12, 1881; January 23, June 18, 1892. 


August 15, November 4, December 11, 1891; January 22, February 3, 
March 23, April 2, June 6, 1892. 


October 31, December 4, 1891; January 16, April 5, June 11, 1892. 

January 19, April 6, 1892. 

June 16, 1892. ‘ 

| July 17, August 1,18, September 5, October 7, 13, 23, November 9, 16, 20, 
December 10, 19, 28, 28, 1891; January 15, 28, February 10,29, March 5, 
12, 17, 28, April 2,19, 30, May 6, 27, June 16, 21, 29, 1892. 

July 14, 25, August 19, September 3, October 3, 14,27; November 6, 19, 

| 23, December 8, 17, 23,1891; January 13, 25, February 5, 10,17, March 
1,4, 11, 12, 25, 29, April 11, 19, 30, May 3, 23, 28, June 20, 28, 1892. 

July 23, August 1, 19, 31, September 19, October 9, 24, 29, November 6, 
10, 21, December 4, 14, 26, 1891; January 15, 26, February 4, 15, 24 
March 3, 10, 14, 19. 26,29, April 12, 19, 30, May 4, 17, 26,31, June 20, 29, 
1892. 
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Transmission of exchanges to foreign countries—Continued, 


Country. 


Date of transmission, ete. 


Mi 


EN DOLID. Foes nce ke sawn s ee 
PERS COE ies a aia (aye ne 
New South Wales -...-.-...-. 
Netherlands and Colonies... . 


Polynesia 
Portugal 
Quicensland4. = <2 2. <esse02~- 


January 23, February 3, 1892. 

November 13, 1891; June 18, 1892.” 

November 12, 1891; June 18, 1892. 

November 13, 1891; March 4, 1892. 

July 31, August 20, October 13, 16, November 4, 20, December 8, 28, 1891; 
January 20, February 1, 19, March 14, 17, April 1, 26, May 10, June 
2, 30, 1892. 

August 3, November 4, 24, 1891; January 18, February 1, April 4, June 
10, 30, 1892. 

November 16, 1891; June —, 1892. 

(By registered mail ) 

October 31, December 4, 1891; January 16, April 5, June 11, 1892. 

October 22, November 24, December 28, 1891; January 22, March 22, 
April 11, May 3, June 3, 30, 1892. 

October 31, December 4, 1891; January 16, April 5, June 11, 1892. 

November 13, 1891; June 18, 1892. 

August 15, October 23, December 14, 28, 1891; April 9, June 9, 30, 1892. 

October 13, 1891; January 19, April 6, June 14, 1892. 

| October 31, 1891; January 16, April 5, June 11, 1892. 

October 23, December 12, 28, 1891; February 3, April 11, June 9, 1892. 

October 31, December 4, 1891; January 16, February 1, April 5, June 11, 
30, 1892. 


OD PARKIN ete poe nw 2 ee 8 we 
US SIS ce aerate -eiele cle Meter e 


San Domingo\- 22. -.<.-e12=2=- 
Bansal Vauor sess ne ste 
SOLVE ta tases sae ecg is sini oe 
South Australia .....-..----. 


MacMaster cess aeis= 2 sca 
AOR RC ea alesine Sete linp nme es 
TOUT EN? SSG aR ese ooo ereeeeee 
iOHOZUCI A woe «ee iacr= == 
VAUGININS 6 ier oGGa caren eOatAeae 


West Africa----.-+-----.---- 


(Included in Germany.) 

July 28, October 14, 20, November 11, 24, December 28, 1891; January 21, 
29, February 20, March 14, 15, April 7, 26, May 6, June 4, 30, 1892. 

October 16, 1891. 

November 13, 1891. 

(Included in Germany.) 

October 31, December 4, 1891; January 16, April 5, June 11, 1892. 

October 22, November 23, December 28, 1891; January 21, February 3, 
April 9, June 4, 1892. 

July 28, October 20, November 11, 24, December 28, 1891; January 21, 
29, March 16, April 7, May 6, June 4, 30, 1892. 

October 22, November 16, December 11, 28, 1891; January 21, February 
1, 23, March 21, April 8, June 6, 30, 1892. 

January 16, April—, 1892. 

November 19, 1891; January 23, June 17, 1892. 

October 13, December 16, 1891; June 14, 1892. 

October 13, 1891; January 19, April 6, June 14, 1892. 

October 31, December 4, 1891; January 16, February 1, April 5, June 11, 
1892. 

October 16, 1891. 


Shipments to India, New South Wales, Victoria, New Zealand, Tasmania, and 
Crown agents were made in bundles inclosed in case number 838, June 30, 1892, 
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Shipments of United States Congressional publications were made on August 
26, November 24, 1891; February 29, May 17, 1892, to the Governments of the follow- 


ing named countries: 


Argentine Republic, Colombia, Japan, Saxony, 

Austria, Denmark, Netherlands, South Australia, 
Baden, France, New South Wales, Spain, 

Bavaria, Germany, New Zealand, Sweden, 
Belgium, England, Norway, Switzerland, 
Buenos Aires, Greece, t Pern, Tasmania, 
Brazil, Haiti, Portugal, Turkey, 

Canada (Ottawa), Hungary, Prussia, Venezuela, 
Canada (Toronto), India, Queenslana, Victoria, 

Chili, * Italy, Russia, Wiirtemberg, 


The distribution to foreign countries was made in 846 cases, representing 283 trans- 


‘missions, as follows: 


Argentine Republic .-225.--<------- 15 | Mexico (by mail). 
INTEGER ERM Oo ogoa. gaceso aescoe HoumNew South {Wialesiee. «2s seys-eeeeee 10 
Beloium ys shose rs Meee eae eee 2ox| Netherlands ace. -ea ce aeee 20 
IBO)IVL A game ssyoets acer as Sys Se ee New Zealand 2542s coe eae 6 
EV auZ ls cee aey tee apes 2 eee ar eee rege AD SANG CaTalo Wass eos toca rere 2 
British, Colonies sese.=- sep Geceea eer De NOW aye. atmo ere ies ans Soe eae 15 
Cape: Colony 225. 92-52 -snee ten oer iP OWS: 25 Saas eee ee ee 4 
Chinas eee ae ae 3 bRolynésiaj ees ie eee ee 4 
Chile ea. See ee se eae ToC Portupal@e Bass 62550 ee eee eee 6 
Colombia wa teek se wc ee eee eee A Queensland 222 saeco eee eee 11 
Costamhica.eA See eee eee 3 | Roumania (included in Germany). 
Cuba eeeerk Soe ee jee scene De pGlMUS Che oroe Sasa si acosesadcebaoeSaa2 37 
Wenmark wh. sees. ot sceee ese L2siSanDOmIMNC ores s ieee o eee eee eee if 
Bas tclndia:. 2-2 ssn os ce ene eee 9 | San Salvador ...... -...---...------ 1 
Wewadory Feces ss eet eer 2 Servia (included in Germany.) 
IBPAAGU oe saab Boacoodecaen coaseaa55e 28) SOUUNSATIGUL AG ieee eee ree eect 5 
Brance and: Colonies aeesse=sees sae. TO9'S) Spy anc eh ca cree tee arn ee re 14 
Germaliye..- 222 -c sss Pee eee 139°) Sweden U-.cce soseoere eee eee 22 
Great Britain 22s q0ca5 5 = ee eee 149) Switzerland Gace. sen eee 26 
GTCOCE ze a= 2.222 sie nek keene, cls ge A) LOS IMO ee ee ae cee eee eee 2 
Guatemala te... - gece cola =e ee 2: |Durke yess 4 2a. sce ee sere eee 3 
1G Eyl peeocemms eee sasacesogS ansaid. 2) UBIO aya eettes eos ee eee 2 
Honduras .o2 5-5 .5-- Se eee ee AS “Vienézuelatess: Gsts css Seer ees 4 
tpaly.chos: coe ices eee ee 56 Wieser in Segoe. ae ee 9 
DADAM ye ciate cc ioe ete saa Ae IG le Westttinicar seas . o-oo msseisee eeeeee 1 
Iberia testa Ss ses ck Sass ees 2 
RECAPITULATION. 

Total Government shipmentst: see see sees ee ee ere 169 
Total ‘miscellaneous shipmentsr. crac eee see staceci eetee = aie oer 846 

Total shipments:* 3. 2 2e5e8 ae oae bs ce ee eect re eee ee eee 1, 015 
Total shipments last year dco 722.6..6 2 oe roe ss eee Oe ee 962 

Increase over lasbiyéan2 22 ste eee ee ee 53 


Very respectfully, yours, 


Mr. S. P. LANGLEY, 


W. C. WINLOCK, 
Curator of Exchanges. 


Secretary of the Smithsonian Institution. ‘ 


*No shipment made to Greece on May ti! 1892. 
*I'wo special Government cases were sent to Chili on February 11, 1892, 
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APPENDIX III. 


REPORT OF THE ACTING MANAGER OF THE NATIONAL ZOOLOGICAL 
PARK. 


Sir: Ihave the honor to submit the following report of the operations of the 
National Zodlogical Park for the fiscal year ending June 30, 1892: 

At the close of the last year the park had but just been occupied by the animals 
of the collection. The experience of the present season has been valuable as indi- 
cating the lines along which development should proceed. R 

The main road haying been laid out, the permanent locations for the animals 
were established at convenient distances near it. The bridge across the creek was 
contracted to be built, and a temporary bridge established until such time as the 
permanent structure should be completed. The work of completing the bear yards 
was also continued. 

On September 5, a disastrous rain storm occurred, during which Rock Creek, the 
small stream that flows through the park rose to a height nearly equalling that which 
it reached at the time of the famous Johnstown flood in 1890. The rise was extra- 
ordinarily rapid, being, according to the watchmen of the park, at the rate of 6 feet 
within two hours. Within a short time a cavity 10 feet deep was excavated by the 
stream alongside of one of the bridge piers, undermining one of its corners, the 
temporary bridge was swept away, a large quantity of earth and rock was precipi- 
tated from the cliff above into the bear pits, the banks of the creek were eroded and 
a considerable amount of filling washed away, and the roads and gutters of the 
park recently laid were cut out and injured to a very great extent. The cost of 
repairing the damages thus occasioned was nearly $5,000, a sum that could not well 
be spared from the scanty appropriation, and the loss embarrassed the park very 
seriously during the entire season. 

The bridge pier damaged by the storm was rebuilt and this delayed the final com- 
pletion of the bridge, which was not finally opened for travel until about October 1. 

For the same reason the occupation of the bear yards was postponed until a retain- 
ing wall much kirger and stronger than had been anticipated could be built, it be- 
ing considered dangerous to place the animals in yards where some tons of rock and 
earth might fall after any serious storm. 

The main animal house, although far from complete, was hastily prepared for the 
reception of animals by closing it up with temporary work and substituting for the 
~ metal roof designed by the architect a felt roof of cheap construction. The comple- 
tion of the tower at the eastern end was deferred until more funds should be ayail- 
able. 

As soon as the cooler autumn weather set in the number of visitors to the park 
_ greatly increased. There was during each Sunday of October and until nearly the 
- last of November an average attendance of about 7,000 people each Sunday, the 
number reaching over 10,000 on some particularly fine days. The daily attendance 
during the week was considerably less. 

This large influx of visitors tested the arrangements which had been made, and 
they were found wanting in several respects. The bridge was found to be too nar- 
row and dangerous for foot passengers. The road was in some localities so narrow 
that it became inconveniently and dangerously crowded. The number of watchmen 
was found to be entirely inadequate, and the crowd was so great in the principal 
animal house as to be extremely uncomfortable. 
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To remedy this state of affairs it seemed necessary to place footways upon the 
bridge, to relieve the main roadway by making side roads and walks, to enlarge the 
ground plan of the animal house, and to provide more ample means of exit. It 
seemed best also to remove from the house as many animals as could be properly ac- 
commodated in quarters outside, both for the convenience of the public and the health 
of the animals. 

The limited means at the disposal of the park did not permit the full completion 
of this plan. New roadways were cut out and new sidewalks built, an addition to 
the animal house was commenced in the shape of a large wooden shed situated on 
the north side. None of these were entirely completed at the close of the fiscal year. 

A grading plan for a portion of the park was furnished by Mr. F. L. Olmsted. 
This contemplated the excavation of a large pond for aquatic animals upon the 
meadow west of the bridge, the shaping up of the banks of the creek and their pro- 
tection from erosion by means of riprap and the formation of a smaller pond to the 
north of the road near the main entrance. But little of this could be done during 
the year, the expenses of preparing the winter quarters of the animals being such 
that all surplus funds were exhausted. It was indeed found necessary to limit the 
expenditures to the barest necessities, and although an additional appropriation of 
$1,000 was made by Congress it was with difficulty that the park was maintained 
until the end of the year. The force of employés was reduced to the lowest possi- 
ble number, and every device was used to insure the strictest and most parsimonious 
economy. 

The scantiness of the resources of the park made it necessary to postpone any pur- 
chases of animals, and the collection has therefore increased but slowly. There were 
on June 30, 448 living animals in the collection, of which 320 were mammals, 63 birds, 
and 65 reptiles. <A catalogue of the additions made is appended hereto. Ninety-six 
animals have been presented to the park during the year, of which 43 were mam- 
mals, 26 birds, and 27 reptiles. 

The insufficient nature of the temporary quarters in which it has been necessary to 
keep the animals has led to a considerable mortality. Besides this, it is found that 
many specimens do not survive the fatigue and excitement of the journey necessary to 
reach the park, and they succumb shortly after their arrival here. The most alarm- 
ing mortality has been that of the bears, two of which died from injuries received, two 
others from pulmonary trouble. While the bear yards are certainly picturesque and 
effective from the landscape architect’s point of view, it is believed that they are not 
now proper sanitary dwellings for the animals, as they are constantly damp, are too 
cold in winter and too hot in summer. It is intended to take measures to remedy 
their defects. 

Owing to the small number of watchmen necessarily employed, one of the bears 
escaped by climbing up a nearly perpendicular wall over 50 feet high. He was pur- 
sued and an attempt was made to capture him. This was, however, unsuccessful and 
it was found necessary, finally, to shoot him. 

The elephants have continued constantly to gain in weight since arriving at the 
park. “Dunk” now weighs 7,260 pounds, having gained 1,110 pounds. ‘‘Golddust” 
weighs 4,920 pounds, having gained 860 pounds. 
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List of animals presented. 
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Nuin- 
Name. Donor. ber of 
speci- 
i > ‘ mens. 
Capuchin monkey -.....---.- Mrs. Hendrickson, Alexandria, Va. (loaned) 2 
PREGGO Is san enenac ceases Bristomaro ser Welles, jis, Ws Nanya sh Sen Gee reece ee 1 
OURS ES SNES Ue Sae a eae Cape Gu. Doane: San Carlos ATs st aetrsc ol. oe ese acie shsceaeee de 2 
| DY irs oli stars fe EE pos Rao ueswbuekiand Varies ees oe a Sl ae el ie 1 
Hed ut@xcte seme ers iasceorne Box New TisbonvObiotss- sce 9.3 aoe yea 2 
i DW. gone sceeae Soagen o68 SSeS SR aOR SR ABS ip elt tee al te ee me ee El ee 1 
DOereee eters ere ipa Se bn Sean See Sas SES EAB Cae And Se Eee Soa es sae neS 1 
Sa ee eos | H. Petersen, Washington, D.C .........-22c2-e0--00e-02e0eee0-+- 4 
CostWaMUneI oss )5--Ss5~-.-- = CrOrChenantt, Jersey, CitysN.d).co.c sen) oc ess cadence ae 1 
Raccoon aie eaes sce oe | Prof. H. A. Ward, Rochester, N. Y..-...-.-.---+----2-22----22-e- 2 
JOR kc ene | Miss Margaret Kiewit, Nokesville, Va.......2...222------------ | 1 
Tyne Sse aes eee | Miss Bessie Elliot, Washington, D.C ......-.- a biok Peewee a 1 
IBIaAGkKPeataece. sans == - == ebaa POmMAS WW DIbbIOr IN: (Coe sat noe steed oh ietea cece classe nt 1 
OO See cease ene ae | CIow aes wAMACOShIA san. Sa rien ee Sale ae oe ee gas Cae 1 
Cinnamon bear -~—----=----=- | Lieut. GP: Ahern, Fort Missoula, Mont... 2.2.22... 22.2 -2-24-- | Th 
Grizzly bear ----------------- | Capt. G.S. Anderson, Mammoth Hot Springs, Wyo..-..-..------ 1 
POCCary=-----.-<-=--------!=-- Hon. R. M. Bartleman, Caracas, Venezuela ......-.2-2----<<-+=- 1 
MEOW = aicen eas = 2 = <li a= Hons Jk starin, New Work Oity. 5 .255- -sc-oscs eos sae oe one 1 
Var mrinia deer =] iso. ===. --- | Thaddeus Surber, White Sulphur Springs, Va ........-.-.------ 31 
NOW o5 BP ese aa eee Di Maxfield: Bane or,. MMOs com. acct Joe ke eo) jess seytieelne a ays ah 
South American deer ---.---- Hon. R. M. Bartleman, Caracas, Venezuela ..........--.22-2-.--- G 
American beaver ------------ | U.S. Agricultural Experiment Station, Nebraska, through Prof. 
Pom VerRtoay eras bine tony): O- ate ee or 8 ee SS Sey 1 
Maca Seen se eens Ensign Roger Welles, jra U.S. Navya-5-- 25> -2o.-2 28 oc cee ee sce | 1 
BAP OU en tare asa a | Hon. R. M. Bartlemen, Caracas, Venezuela:...-...-:-...-.---.--: i i! 
SUG Massa es eases | Mr. Greaves, Port of Spain, Trinidad -.................--...---- 1 
iD ease oe emcees Busign Roger Wellesjr., U.S. INAV Yisseie- 222-22 les assess so -e | 2 
Arizona gray squirrel ------- Wieebeyolandiy Was hineronye Ds Cres ene tea sne cence eee | 2 
Flying squirrel.--.-.-------. | Ralph Saers; Mount; Pleasang; D.'\Co:c) - ce 2 sde es .4- 2 eens 1 
Prairiedog -=---------=------ | Miss Edith A. Barnes, Seabrook, Maryland..........-...--..-.-- 1 
WOGUCKIC i once se 2--=---- A MUDeEe Washing OMe Ds Crecente. chen: Genes een See ane sola 1 
BV aterm a Gites sie miaeiinr te oi - [MORAG CAN a RI taney Wake d DM Cor mre Be SRR Sees ae Beis Bacar or | 2 
Armadillo -. - ie Vola Lav lOr Same GO; Vexaginsc ans t< obras aie sian = ssa 1 
WOR ade oe eel eee a | AL OnDowns, Wealitos texas. <2 3.2 ear abt ees 1 
JDO 3h SS Akt asa eee h brots R.L. Jill, Ue S.\ Geological Surveyach as.ccete-o- ee beens uf 
5 Boy Scan es Se a ie cea | Hon. R. M. Bartlemen, Caracas, MENOZAUIO A. coe net mie eae 1 
(ORO RI 4 RAs Bn pomeueerioe Wisk Babcock, WashinotoneD IC sess sn a8 oe are eee ool 1 
DOG Se atihies aes cree S; De Oaldwell, Bethesda hd. oso 0s ee oe ee ee eatieee ctac ost 1 
WOsts pagonen Sates eee Jew. Llowleuiy Washington, DiC oa. coe Si soe Wee cis patie 1 
1 Ee eee ee TD PPresident Harrison, Washington, DiC. 2... 2:0... 22S eee 2 
Goldenc6agles- 2 one 2 2s Capriklias barboury Washington, Cor 2 oi. lac oc: rts oacinloiia= <= 1 
Bald eagle. .--<-- 255 = - <= ire OnCheonauli-diersey Clty aN <0) wc o2 227. = tenon ele eed 1 
Sparrow hawk-=-.-----...--- | Ga Boevekolzs Washington; D2 CO. sece= jie scie hen Fas secs asst a oi | 2 
Pigeon hawk ...-------------; B.C. Call, Laurel, Md -....- Ree ean ee Et 1 
A (hy dHaty] 0) ad Coe ae a es eae Epos Oak NasRiInStOM Ds CO apace ae meee coe ciev sed ete cleete 1 
DO Saee tees seen wan iG. BD. Coleman, Washineton,-D. Cra a= 5... -- een ae ane i 
WOsemioee mate ees se eee G. W. SUMP SOM MN ASHTON TON Di Ore cele oF = Sates laicyrinn = winfele ci sinin'e'e i 
TOSS Ane eee He WeeieGeorve, Washington, I).\C. <3. s-ass.. 522-015. 2ne2<sen | 1 
hhea-tailed hawk....--..----- | Aja bp nmi OG a INS 8 Rac Soncdbaceen Seana ne seeae soeeseee 1 
Denys a Pec ee ee oe ie eae caee eDrebeb weno GleneAllan Misse.0....<-c5-s-c2-./--n2-<----- 1 
MATTER OW lis cower sccdees~ == s |B. JOMBSOM Aas haMe ton. DO. ne esp ecind canes serene nyt sss 1 
DO ee soe nase aise ss WieelmibiseopavVyachin *tOn. Dl) Cocen se ao tec cry nce -ehecss<s-0c + 1 


W2 REPORT OF THE SECRETARY. 


List of animals presented—Continned. 


Name. Donor. 
Great. horned owl.----------- Employés of H. E. Burgess, Washington, D.C -.---------------- 1 
Doo saerer seas pene P. T. Bell. Conowingo Md: 22... 22-58 esse eee 1 
erecch OWlsee~- mena sae =eo Mrs. Babcock, Washington, D.C ..-..------ Bo eee | 1 . 
LDL -aheae Ss caocecesécoss J. d.Mahoney, Washington D2@- 2: 5 2-2 eee =n ae | 5 j 
Gommon Crow. --------------- Mrs. Wheeler; Washington, ©) C2. 2.22205 see a eee | 1 ; 
American magpie..-.--------- E.S. Schmid, Washington. D. C. (loaned). --..--.---------------- | 8 
Golden-winged woodpecker ..| Cortez Daniel, Leesburg, Va-.--.---.----------------------------- / 1 : 
Blue and yellow macaw ..--. D. M. Cranford, Washington, D.C. (loaned). -....---------------- uf 7 
Green parrob-------<--s-2--5< Mrs. Williams, Washington, D.C. (loaned). --.------.--------=--- | iL 
Guanes crates ae one Hon. C. I. Croft, Cartagena, Colombia, South America -..-..---- | 2 . 
CUTASEO Woe ae oer eee ee | W.C. Butler, Washington, D.C ..-..-.--- Pra eeee c Seep See a . 
White ibis....... eee ON) | A. M. Nicholson, Orlando, Fla.......-.----..2--+00-ee-00e00020+- ee 
Black-crowned night heron. -.| E. Lyons, Washington, D. C..........------.-------++--+--+++-++ 1 
Sand hill crane, 2.2/5.7. =e 28> Mrs: M. C:-Rerdell. Orlando; Mla. a 35 soestc ee eee ee ee 2 
NFER aR | W.E, Wilson, Grange Point, Fla......2--2-<---4--<-12-4-ses 1 
IBY Cesena aebsaes | Latta ‘Griswold, Washington, D. C ----..-----_~--2---2----=-----1 a 
Domes sae tee toca ee | Sterrett Bros., Washington; DiC 3). pene ees Se Sees | 2 
1 DY as ee oe Sir Julian Pauncefote, Washington, D.C.-....-..--..-.-.------- { 1 
POE Sie esac ae US. Bish Commission: (loaned)iosn =" 5-6) a eee oe eee 1 
a BY ete an ee oe ESC: Williams; Washington, ssa. oe aes ee ee eee 2 
GaIMane Soran Senay Saas | Ensign Roger Welles, jr., U.S.N ----2--5-7----- 22-2 == ae 1 
Sofi-shelled turtle <2. sso ty sss ja ee oe ee sees ae SR ae ae ee at eee 1 
Snapping turtle...-......--..- | R.'T. Leipold and A. M. Rock, Brookside, W. Va.......------.--- 1 
Dos ass 5-8 seeee ine Wine As ican as a Soe Ste sions pas tan ome eo eee nse See oe eee 1 
BLT On Clare ieee eee ce enya | G20: Chenault, Jersey City, NiJine.s- 252-52 2oaees ee eee 1 
Chuck molly lizard.......--. |.-Dr. M. M.. Crocker, Worb Mojave, ‘Ariz, .2 32 -o2 son 0 a ieee ee “f 
Hormed: toad sa on e-a-ee e fA Ll. Gage; Washineton, Dj Crec 2 s222 = esas ne ee 1 
NO 5 sateen eine cae | Dr. R. E. C. Stearns, San ‘Diego: Calan -c-4-: 2 oe eee eee 4 
Diamond rattlesnake:.3 5.2.) 2ncoh sa pe seee oa ee ee Oe ae a ae Se a ea ee 1 
Tiger rattlesnake-....-...--.- pr. M..M..Crocker; Kort Mojave: Awiznc . 624. 25-22 s- 225+ seen 2 
Ground rattlesnake. --.--.--- ' Capt. Henry Romeyn, Mount Vernon Barracks, Ala......-...---) 2 
‘Water moccasin .------.----=}.-.2-- Ons Soe Sset sok san ot eoen see ome eo seeees saeen ie eee 2 
Copperhead =- 25-5 -e2--- = = L. H. Brilton, == =sy hid 222s aaisce ee ome ee 1 
ROO SN AK Ost ece pee ee oe Dr. Z. T. Daniels, Cheyenne Agency, Dakota .......-----/-....-. il 
1 
1 
1 
if 
2 
Whip snake ce=s--- sone Capt. Henry Romeyn, ieoaat ‘Vernon ‘Barraeks; Alac:-=. 2 .25ces4 1 
Hog-nosed snake. <<:--5.2 2.22. <- OO ® 25-2 win gas so does oases Rare = a ee ae 1 
Bon a7 ss : ea eee. ce 2 eee Ensign Roger Welles,+jr., UcS-Ness =o. io. ee ee eee 1 
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List of accessions. 
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! 
Name. 


Speci- 
mens. 


Name. 


Diana monker (Cercopithecus diana) ...-. | 
Barrigudo (Lagothrix humboldtii).-...... | 
Capuchin monkey (Cebus capucinus.)---. 
Sapajous}( Cebus hypoleucus) 
Durukuli (Nyctipithecus trivirgatus) 
Teetee (Chrysothria sciwreus) 


Marmoset (Hapale jacehus)..........---- 
PaiomWelisiteo) == nee ecioe cs wen Siclectaed : 
Ocelct (Felis pardalis) 
American Wildeat (Lynx rufus) 
Coyote (Canis latrams)..... 2... .-------- 
Red fox (Vulpes fulous) ..-l ....:-.--:..-- 
Arctic fox (Vulpes lagopus) 
Gray fox (Vulpes virginianus) 
Swift fox (Vulpes veloa) 
American badger (Tawidea americana) -- 
Common skunk (Mephitis mephitica) .--.. 
American otter (Lutra canadensis) 
Grizzly bear (Ursus horribilis) 

Black bear (Ursus americanus) 
“Cinnamon” bear (Ursus americanus) - -- 
Polar bear (Thalassarctos maritimus) .-.. 


Raccoon (Procyon lotor) 
Coati-mundi (NVasua rufa) 
Coati-mundi (Nasua narica) 
Kinkajou (Cercoleptes caudivoloulus) ----. 
Zebu (Bos indicus) 
American bison (Bison americanus) 


American antelope (Antilocapra ameri- | 

cand) 
Angora goat (Capra hireus angorensis) - | 
Virginia deer (Cariacus virginianus) -.--- | 
South American deer (Coassus sp.) ------ 
Moose (Alces machlis) 
Collared peceary (Dicotyles tajacu) ------ 
Flying squirre? (Sciuropterus volucella) - - 


Arizona gray squirrel | 
Striped gopher (Spermophilus tridecim- 


tineatus) 
Prairie dog (Cynomys ludovicianus) 
Woodchuck (Aretomys monam)....--.--- 
American beaver (Castor canadensis) ---. 
Muskrat (Fiber zibethicus) ........---.--- 
White rat (Mus rattus) 
Coypu (Myopotamus coypu).------------- 
White rabbit (Lepus eunieulus).-.-.----- 
Tree porcupine (Syntheres prehensilis) -.. 
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Capybara (Hydrocherus capybara) .-.---- | 
Paca (Calogenys paca) .....-+---+-------- 
Agouti (Dasyprocta aguti) 
Acouchy (Dasyprocta acouchy) 
Guinea pig (Cavia aperea) 
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Great anteater (Myrmecophaga jubata) -- 
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| Sandhill crane (Grus mexicana)...-....-- 


Peba armadillo (Tatusia novemeineta) -.- 
Opossum (Didelphys virginiana).--..---- 
Bald eagle (Haliwetus leweocephalus) -.-.. | 
Golden eagle (Aquila chrgseetos) ..-.....- 
Sparrow hawk (Faleo sparverius)..-..--- 
Pigeon hawk (Falco columbarius)-.-.-..-- 
Red-tailed hawk (Butco borealis) 
Marsh hawk (Circus hudsonius) 


areat horned owl (Bubo virginianus) ..-- 
Barred owl (Syrniwm nebuloswm) -.------ 
Screech owl (Megascops asio)..-.....----- 
American magpie (Pica pica hudsonica) - 
American crow (Corvus americanus) ..--- 
Golden-winged woodpecker (Oolaptes 

auratus) 
Yellow and blue marcaw (Ara ararau- 


UCEL NRC ES pte SER CRI ES Ae SR a 
Green parrot 
Parra eet = Sais cnen een oes aera aetna 


Crested curassow (Craa alector) 


Black-crowned night heron (Nycticoraa 
nycticorax nevius) 


Searlet ibis (Guara rubra) -- 

White ibis (Guara alba) .--..---.---.---- 
Gannet (Sula bassand)---42-------.~-s--- 
Alligator (Alligator mississippiensis)..-. 
Caiman (Jacaresclerops)..-- 5-2 .22-22---- 
Soft-shelled turtle (A spidonectes ferox) -. 
Snapping-turtle (Chelydra serpentina) -- 
Painted turtle (Chrysemys picta) 
Chuck-molly (Sawromalus ater) -<.-....-. | 


Marbled polychrus (Polychrus marmor- 
atus ) 


Horned toad (Phrynosoma douglassii) -.. 


South American lizards (un-named) 
Banded rattlesnake ( Crotalus horridus) .. 


Diamond rattlesnake (Crotalas adman- 
tews) 


Ground rattlesnake ( Caudisona miliaris ) 


(Ancistrodon piscivo- 


Water moccasin 
Tus ) 


Copperhead (Ancistrodon contortria) .--. 
King snake ( Ophibolus getulus)..-..----- 


Ring-necked snake ( Diadophis punctatus )) 


Black snake (Baseaniwm constrictor)... . 
Coach-whip snake (Bascanium agelii. 


Anaconda (Hunectes murinus)..-.-..---. 
Garter snake ( Hutenia sirtalis).......--. | 
Hog-nose snake ( Heteodon platyrhinus ) .-| 
Small South American snakes (unnamed) 


South American batrachians (unnamed) .| 


| Speci- 


meus. 
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FRANK BAkKmR, Acting Manager. 
Secretary S. P. LANGLEY, Smithsonian Institution. 
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APPENDIX IV. 
REPORT OF THE LIBRARIAN FOR THE YEAR ENDING JUNE 30, 1892. 


Sm: I have the honor to submit herewith the report on the library of the Smith- 
sonian Institution during the year ending June 30, 1892. 

The operations of the library have been conducted as in the two preceding years. 
The entry numbers in the accession book extend from 225,586 to 246,109. 

Following is a statement of the volumes, parts of volumes, pamphlets, and charts 
received during the year: 


Publications received between July 1, 1891, and June 50, 1892. 


| Octayo or | Quarto or 
| smaller. | larger. | Total. 
| | fe ; 
VOlDINGS< Sie: SNe ee oe Pas eae ete ae oe eee epee epee 1, 320 669 | 1,989 
Parts Of NOLES 22 Sore ne eae ee esr. nee seen 7, 631 | 16, 098 | 23, 729 
Pam phiets es: - 2 te eae he Oe ee ee Pate Rete ee | 3, 087 | 502 3,589 
@harts 2222 Sse sacs noes eee nee rte ae SE ee ee ree eee ne ee eee (eee eee 621 
TOGA cane San ea ncercinn 2 os se nas SRR Ta eee ne ne ee eee eee | 29,928 
| | 


Of these publications, 297 volumes, 6,363 parts of volumes, and 774 pamphlets— 
7,434 in all—were retained for use in the National Museuin. 

Eight hundred and fifty-seven medical dissertations were deposited in the library 
ot the Surgeon-General, U.S. Army; the remaining publications were sent to the 
Library of Congress on the Monday after their receipt. 

In carrying out the plans formulated by the Secretary for increasing the library by 
exchanges, 803 letters asking for publications not on our list, or askitig for numbers 
to complete the series already in the library, have been written. As a result of this 
correspondence it gives me pleasure to report that 444 new exchanges were acquired 
by the Institution, while 220 defective series were completed either wholly or as far 
as the publishers were able to supply missing parts. 

Below is a comparative statement of the operations of the library since June 30, 


1889: 


Number of publications received. 


1889-"90. 1890-'91. | 1891-'92. 


= - = “ -- 


PWOMNIMCS \. <2. Sa. 8 ode ae ae I ee | 1, 763 | 2, 681 | 1, 989 
Parts OF VOlUMes . 62 c.osce ses a ee ea ete ee ee | 13, 458 20, 525 | 23, 729 
Pamphlets... 2.52. 2b2= naceeee ceenee Se eee ee ee eee 4, 330 3, 769 | 3,589 
Charts 2.2.6. 0.5 55. neck Bok eee ee ee eee ee) 636 319 621 


Totals: 02 SE La ee ee ee | 20, 187 27, 294 29, 928 
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ia : ; A : , : : 
The following universities have sent complete lists of all their academic publica- 


tions: 


Basel, Halle a §., Lund, 
Bern, Heidelberg, Marburg, 
Bonn, Helsingfors, Strassburg, 

’ Christiania, Jena, Tiibingen, 
Dorpat, Kazan, Vienna, 
Erlangen, Kiel, Wiirzburg, 
Freiberg, Br., Leipsic, Utrecht, 
Giessen, Louvain, Ziirich. 
Gottingen, 


The following publications have been added to the list of regular serials: 


A A Notes (Archit’s’ Assoc.), London. 

Acts of the Parliament of South Austra- 
lia, Adelaide. 

Actes Société Simico-Japonaise, Paris. 

Agricultural Science, State College, Pa. 

Amateur Sportsman, New York. 

American Amateur Photographer, New 
York. 

American Anthropologist, Washington, 
IDECE 

American Cyclist, Hartford, Conn. 

American Florist, Chicago. 

American Gardening, New York. 

American Jeweler, Chicago. 

American Journal of Philately, 
York. 

American Naturalist, Philadelphia. 

American Notes and Queries, Philadel- 
phia. 

Analele Academa Romana, Bucharest. 

Anales de la Universidad Central del 
Ecuador, Quito. 

Anales de la Universidad 
video. 

Annaes Biblioteca Nacional, Rio Janeiro. 

Annalen der Physik und Chemie, Leipsic. 

Annales de Chimie et de Physique, Paris. 

Annals of Scottish Natural History, Edin- 
burgh. 

Annuaire, Société des études juives, Paris. 

Annuaire israélite, Société des études 
juives, Paris. 

Annuaire Statistique des Pays-Bas, Am- 
sterdam. 

Annual Report 
Adelaide. 

Annual Report Chiswick Free Public 
Library. 

Annual Report Department of Agricul- 
ture, Brisbane. 

Annual Report Dep’t of Mines, Sydney. 

Annual Report Gordon ‘Technical Col- 
lege, Geelong, Australia. 

Annual Report and Prospectus School of 
Mines, Stawell, Australia. 

Annuario Scolastico Regia Universita, 
Parma. 

Annuario Societa Reale 
Archeologia, Naples. 

Antiquitiiten-Zeitschrift, Strassburg. 

Anuario, Asociacion de Ingenieros Indus- 
triales, Barcelona. 


New 


de Monte- 


Agricultural Bureau, 


Academia di 


Archief Zeeuwsch Genootschap der We- 
tenschappen, Middelburg. 

Archives des Sciences Biologiques, St. 
Petersburg. 

Argus Annual, Cape Town. 

Army and Navy Journal, New York. 

L’Art et Vidée, Paris. 

Artist Printer, Chicago. 

Ateneo Italiano, Rome. 

Atti Societa Reale Accademia di Arche- 
ologia, etc., Naples. 

Babylonian and Oriental Record, Lon- 
don. 

Bacteriological World, 
Michigan. 

Baptist Quarterly Review, New York. 

Beibliitter zu den Annalen der Physik 
und Chemie, Leipsic. 

Bergmanns Kalender, Saarbriicken. 

Bericht des akademischen Vereins deut- 
scher Historie, Vienna. 

Berichte der bayerischen botanischen 
Gesellschatt, Munich. ; 

Berichte der deutschen 
Gesellschaft, Berlin. 

sible Advocate, Birminghan. 

Bible Society Record, New York. 

Bibliographie des Trayaux Historiques 
et Archéologiques, Paris. 

Bibliotheca Philologica Classica, Berlin. 

Bicycling World, Boston. 

Blacksmith and Wheelwright, N.Y. 

Blackwood’s Edinburgh Magazine. 

Body and Soul, Cardiff. 

Boletim de la Sociedade Broteriana, Co- 
imbra. 

Boletim Sociedade de Geographia, Rio 
Janeiro. 

Boletim de Agricultura, Mineria e Indus- 
trias, Mexico. 

Boletin Bibliographico y Escola, Mexico. 

Boletin de la Institucion Libre de Ense- 
fanza, Madrid. 

Boletin de la Real Academia de Ciencias 
y Artes, Barcelona. 

Boletin de la Sociedad Geografica, Lima. 

Bollettino Mensile della Situazione dei 
Conti, etc., Rome. 

Bollettino delle Pubblicazioni Italiane, 
Florence. 

Bollettino della Reale Accademia Medica, 
Genoa. 


Battle Creek, 


chemischen 
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Bollettino della Societi Adriatica di 
Scienze Naturali, Trieste. 

Bollettino della Societa di Naturalisti, 
Naples. q 

Bollettino della Societ’ Romana per gli 
Studi Zoologica, Rome. 

Book Buyer and Seller, Cincinnati. 

Book Shop, New York. 

Books, Denver. 

Brazilian Missions, Brooklyn. 

Breeder and Sportsman, San Francisco. 

British Naturalist, Hartlepool. 

Buletin Societatea Geografica Romana, 
Bukarest. 

Bulletin Aéronautique, Paris. 


Bulletin Agricultural Experiment Sta- | 


tion, Reno, Nevada. 

Bulletin Association 
Paris. 

Bulletin Astronomique, Paris. 

Bulletin of the Botanical Department, 
Kingston, Jamaica. 

Bulletin Commission Archéologique de 
Narbonne. 

Bulletin Cornell University Experiment 
Station, Ithaca. 

Bulletin Department of Agriculture, 
Toronto. 

Bulletin of the Geological Society of 
America. 

Bulletin of the Library and Museum 
of Laurent College, Montreal. _ 

Balletin Mensuel des Publications Etran- 
geres, Paris. 

Bulletin Mensuel Statistique Municipale, 
Buenos Aires. 

Bulletin du Ministere de 
Publique, Brussels. 

Bulletin New York Mathematical Society, 
New York. 

Bulletin Ontario Agricultural Experi- 
ment Farm, Toronto. 

Bulletin Pennsylvania State College 
Agricultural Experiment Station, 

Bulletin Société VAgriculture du Dépt. 
du Cher, Bourges. 

Bulletin de la Société Frangaise de Phy- 
sique, Paris. 

Bulletin de la Société WVHistoire et 
d’Archéologie, Geneva. 

Bulletin de la Société VHorticulture du 
Doubs, Besang¢on. 

Bulletin Société Royale Linnéenne, Brus- 
sels. 

Bulletin Société de Statistique des Sci- 
ences Naturelles, Grenoble. 

Buletinul Observatinmiloy Meteorologici 
din Romania, Bucharest. 

Bye-Gones, Oswestry, England 

Calabria, Monteleone, Italy. 

Cambridge University Reporter. 

Canadian Bee Journal, Beeton, Ontario. 

Canadian Entomologist, London, Onta- 
T10. 

Canadian Patent Office Record, Ottawa. 

Canadian Poultry Journal, Beeton, On- 
tario. 

Canadiana, Montreal. 

Cape Times, Cape Town. 

Capitale (now L’Universelle), Paris. 


Polytechnique, 


VInstruction 


Christian 


Carpet and Upholstery Trade Review, 
New York. 

Carpentery and Building, New York. 

Carrier Dove, San Francisco. 

Casopis pro prumysl chemicky, Prague. 

Cassier’s Magazine, New York. 

Cesky Lid, Prague. 

Chinese-American Advocate, Philadel- 
yhia. 

C Shiristian Recorder, Philadelphia. 

Worker, Manchester, Eng- 

land. 


| Chronique Industrielle, Paris. 


Church and Home Magazine, London. 

Church Union, New York. 

Circular System, Oakland, California. 

Cireular Leland Stanford, Jr., Univer- 
sity, Palo Alto, California. 

Civics, New York. 

Civil Service Record, Boston 

Clay Record, Chicago. 

Clay Worker, Indianapolis. 

Collector (monthly), New York. 

Collector (semimonthly), New York. 

Collector’s Monthly, Danielsonyille, 
Conn. 

College Echo, Austin, Tex. 

Compass, New York. 

Comptes Rendus des Séances de la Société 
Américaine, Paris. 

Comptes Rendus de L’Athénée Louisia- 
nais, New Orleans. 

Conchologist, St. Andrews, Scotland. 

Congo Illustré (Le), Brussels. 

Contemporary Review, London. 

Contributions Historical Society, Helena, 
Mont. 

Cornhill Magazine, London. 

Crank, Ithaca. 

Culture, Bombay. 

Current Review, New York. 

Darkest Russia, London. 

Dedham Historical Register, Dedham, 
Mass. 

Deutsche Zuckerindustrie, Berlin. 

Discovery, London. 

Documente privitor la Istoria Romanilor 
culese de Eudoxin, Academia Romana, 
Bucharest. 

Droit d@’Auteur (Le), Berne. 

Ecclesiastical Chronicle, London. 

Echo Polyglotte (L’), Paris. 

Economista Espanol (El), Barcelona. 

Edinburgh Review, Edinburgh. 

Electric Power, New York, 

Electrical Enterprise, Boston. 

Electricity, New York. 

Elektrichestvo Zhurnal, St. Petersburg. 

Pliocene Rundschau, Frankfort 
O. M. 

Entomologist’s Record, London. 

Erdészeti Lapok Kézlonye, Budapest. 

Esoteric, Applegate, Cal. 

Experiment Station Bulletin (U.S. Dept. 
of Agriculture). 


Experiment Station Record (U. 8. Dept. i 


of Agriculture). 
Fanciers’ Journal, Philadelphia. 
Farben-Industrie, Berlin, 
Farm, Field, and Stockman, Chicago. 
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Farmers’ Bulletin (U. 8 
culture), 

Fauna, Luxemburg. 

Federal Reporter, ‘St. Paul. 

Fernschau, Mitteischweizerische Geo- 
eraphische Cemmercielle Gesellschaft 
Aarau. 

Financial World, Boston. 

Fortnightly Review, London. 

Fortschritte der Phy sik, Berlin. 

Franco-Gallia, Cassel. 

French and German Echoes, London. 

Geelong Naturalist, Geelong, Australia. 

Gewerbehalle, New York. 

Gewerbeschau, Dresden. 

Great Divide, Denver. 

Guide, Glasgow. 

Hapisgoh, Baltimore. 

Harness Gazette, Rome, N. Y. 

Helios, Frankfort o. O. 

Hide and Leather, Chicago. 

Hintz’s Moderne Hiiuser, Berlin. 

Hoisting, Stamford, Conn. 

Home and Country, New York. 

Home Cheer, New York. 

Ice and Refrigeration, Chicago. 

Illustrirte Welt, Stuttgart. 

Insekten-Bérse, Leipsic. 

Instructor (El), Aguas Calientes, Mexico. 

Internationale Patent- Zeitung, Berlin. 

Inventors’ Review, London. 

Inzhjenjer, Kiev. 

Iowa School Journal, Des Moines. 

Trish Naturalist, Dublin. 

Irrigation Age, Denver, Colo. 

Tron Belt, Roanoke, Va. 


. Dept. of Agri- 


Jahresbericht Geographische Gesell- | 
schaft, Bern. 

Jahresberichte Verein fiir Erdkunde, 
Cassel. 


Jewish Messenger, New York. 

Journal of Comparative Neurology, Gran- 
ville, Ohio, 

Journal de VEclairage au Gaz, Paris. 

Journal of the Engineering Society of the 
Lehigh University, Bethlehem, Pa. 

Journal of the Institute of Jamaic “Ob, 
Kingston. 

Journal of Medical Philosophy and Prac- 
tice, Philadelphia. 

Journal of Philately, New York. 

Journal of Philology, Cambridge, Eng. 

Journal of the Polynesian Society, Well- 
ington. 


Journal of the Society of Dyers and Col- 


orists, Bradford, England. 

Journal of the U. SG Artillery, Fort Mon- 
roe. 

Juvenile Magazine for the Young, Lon- 
don. 

Kansas University Quarterly, 

Knowledge, New York. 

K. T. S. News, Mount Sterling, Ky. 

Landwirthschaftliche Jahrbuch 
Schweiz, Bern. 

Library Record, Jersey City. 

Light, London. 

Lithographer, London. 

Lithographers’ Journal, Philadelphia. 


Lawrence. 


Littell’s Living Age, Boston. 


der | g 
| Monthly Weather Review, 


—— 
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Litterarischer Merkur, Weimar. 
Locomotive E Ingineering, New York. 
London Quarterly Review, London. 
Longman’s Magazine, London. 
Manufacturer and Builder, New York. 
Manufacturers’ Engineering and Export 
Journal, London. 
Marine Rundschau, Berlin. 
Marine Verordnungsblatt, Berlin. 
Matériaux et Documents d’Architecture 
et de Sculpture, Paris. 


Meddelelser fra Carlberg Laboratoriet, 
Copenhagen. 

Mémoires Société Royale de Géographie, 
Antwerp. 


Memoirs British Astronomical Associa- 
tion, London. 

Memorias Sociedad Cientifica, Mexico. 

Memorie Societi degli Spettrescopisti 
Italiani, Rome. 

Mercurio Occidental, Guadalajara. 

Meteorologicheskija Nobljudenija, 
Odessa. 

Methodist Review, New York. 

Milling, Indianapolis. 

Mineralogists’ Magazine, Jersey City. 

Minerals, New York. 


| Minerva, Rome. 
| Minutes ofthe Managing Committee, Pro- 


vincial Museum, Lucknow. 

Mitteilungen aus dem gesammten Ge- 
biete der englischen Sprache und Lit- 
teratur, Leipsic. 

Mitteilungen der Vereinigung von Fréun- 
den der Astronomie und kosmischen 
Physik, Berlin. 

Mitteilungen Vereins fiir Kunst und Alter- 
thum, Uln. 

Mittheilungen 
Leipsic. 

Mittheilungen aus dem Gebiete der ange- 
wandten Naturwissenschaften, Schén- 
berg, Moravia. 


von F. A. Brockhaus, 


| Mittheilungen des ornithologischen Ver- 


eins, Vienna. 

Mittheilungen der Section fiir Naturkun- 

de, Oesterreichischen Touristen-Club, 

Vienna. 

Mittheilungen der 

Dresden. 

Mittheilungen des Verbandes deutscher 

Architekten und Ingenieure, Berlin. 

Modern Language Monthly, London. 

Modern Miller, Kansas City. 

Monatsblatt der numismutischen Gesell- 
schaft, Vienna. 

Monitor de la Educacion Comun, Buenos 
Aires. 

Monthly Bulletin Colorado State Weather 
Service, Denver. 

Monthly Bulletin Texas Weather Serv- 
ice, Galveston. 

Monthly Chronicle of North Country Lore 
and Legend, Newcastle u. Tyne. 

Caleutta. 

Brussels, 


statistischen Amtes, 


Mouvement Antiesclavagiste,. 

Nabytki Biblioteki, Cracow. 

Narragansett Historical Register, Provyi- 
dence. 


| Nasha Pistsha, St. Petersburg. 
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National Coopers’ Journal, Buffalo, N. Y. 

National Educator, Allentown, Pa. 

National Monitor of Poultry and Pets, 
Fort Wayne, Ind. 

Natural Science, London. 

Nature (La), Paris. 

Neptunia, Venice. 

Nene Mitteilungen aus dem Gebiete der 
historisch-antiquarischen Forsc¢hun- 
gen, Hallea 8. 

Neue Philologische Rundshau, Gotha. 

New Jerusalem Magazine, Boston. 

New Nation, Boston. 

New York State Library Bulletin, Al- 
bany, N.Y. 

Nineteenth Century, London. 

North American Review, New York. 

Nouvelles Géographiques, Paris. 

Observations faites & Observatoire Mé- 
téorologique, Kiey. 

Observations Finska Vetenskaps-Societe- 
tens meteorologiska Centralanstalt, 
Helsingfors. 

Observations Institut Météorologique 
Central, Helsingfors. 

Oesterreichische Zeitschrift fiir Ver- 
waltung, Vienna. 

Onderzokningen Physiologische Labora- 
toriet, Utrecht. 

One and All, Birmingham. 

Onward and Upward, Aberdeen. 


Operele principelier Dimileantermiru, 
Bucharest. 

Ornithologist and Botanist, Birming- 
ham. 


Our Day, Boston. 
Painswick Annual Register. 


Painting and Decorating, Philadelphia. | 


P. C. P. Alumni Report, Philadelphia. 

Pedagogical Seminary, Worcester. 

Pestalozziblitter, Zurich. 

Peterborough Diocesan Magazine, Lei- 
cester. 

Petit Etranger (Le), Paris. 

Pharmaceutical Record, New York. 

Phonographic Magazine, Cincinnati. 

Phosphate (Le), Amiens. 

Photographie Work, London. 

Photographischer Correspondenz, 
enna. 

Postal Record, New York. 

Power and Transmission, Mishawaka. 

Proceedings of the Cotteswold Natural- 
ists’ Field Club, Cheltenham. 

Proceedings of the Society of Antiqua- 
ries, Newcastle u. Tyne. 

Protokoly Zasiedanij oidjelenija, Khimii, 
St. Petersburg. 

Public Library Bulletin, Los Angeles. 

Publications Alfred University, Alfred 
Center, N. Y. : 

Publications of the Architectural Asso- 
ciation, London. 

Publications from Dr. C.U.S8. Aurivillius, 
Upsala. 

Publications Guille-Allés Library, Guern- 
sey. 

Publications by Jardin, M. Ed. 

Publications K. K. orientalische Akade- 
mie, Vienna. 


Vi- 
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Publicationen des Kéniglichen Museum 
fiir Naturkunde, Berlin. 

Publications of Dr. Olsen. 

Publications Section de Moscou de la 
Société Impériale Technique, Moscow. 

Publications University, Vienna. 

Quarterly Bulletin American Catholic 
Hist. Society, Philadelphia. 

Quarterly Review, London. 

Raportit asupra activitatei, 
Romana, Bukarest. 

Rapport Ecole Polytechnique Suisse, 
Bern. 

Records and Papers of the New London 
County Historical Society. New Tlon- 
don, Conn. 


Academia 


| Reformed Church Messenger, Philadel- 


phia. 
Reformed Quarterly Review, Philadel- 
phia. 
Regents’ Bulletin, N. Y. State Library, 
Albany, N. Y. 


| Religio-Philosophical Journal, Chicago. 


Rendiconti Societa Reale Accademia di 
Archeologia, etc., Naples. 

Répertoire des Travaux de la Société de 
Statistique de Marseille. 

Repertorium fiir Meteorologie, St. Pe- 
tersburg. 

Repertorium der technischen Journal- 
Litteratur, Berlin. 

Report Rotherhite Public Library. 

Report Society for Promoting Christian 
Knowledge, London. 

Review of Reviews, New York. 


| Revista General de Marina, Madrid. 


Revista Italiana di Scienze Naturali, 
Naples. 
Reyista Militar de Chili, Santiago. 


| Revista del Museo de la Plata, La Plata. 


Reyue du _ Bas-Poitou, 
Comte. 

Revue de Botanique, Auch. 

Revue Botanique, Paris. 


Revue de Botanique, Toulouse. 


Fontenay-le- 


_ Revue de l’Ecole d’Anthropologie, Paris. 
, Revue des Etudes Juives, Paris. 
| Revue d’Horticole, Marseilles. 


- Reyue 


Internationale Scientifique et 
Populaire des Falsifications, Amster- 
dam. 

Revue des Livres et de la Presse, Paris. 

Revue Mensuelle de l’Ecole d’Anthropolo- 
gie, Paris. 

Revue des Questions Historiques, Paris. 

Revue des Questions Scientitiques, Brus- 
sels. 

Revue des Sciences Naturelles de Ouest, 
Paris. 

Revue Universelle des Inventions Nou- 
velles, A, B, C, D, Paris. 

Richmond College Magazine, Galle. 

River-Plate Sport and Pastime, Buenos 
Aires. 

Romens’s Journal, Charlottenberg. 

Rosario, La Nuova Pompei (II), Ville di 
Pompei. 

Rural Californian, Los Angeles. 

Rutland County Historical Society, New- 
port, Vt. 
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Satety Valve, New York. 

St. Joseph’s Advocate, Baltimore. 

Salem Press Historical and Genealogical 
Record, Salem. 

Scottish Notes and Queries, Aberdeen. 

Scottish Review, London. 

Séances de la Société Francaise de Phy- 
sique, Paris. 

Seifensieder Zeitung, Augsburg. 

Selmi (11), Pavia. 

Shendun News, Shendun, Va. 

Sitzungsberichte der Gesellschaft fiir 
Morphologie und Physiologie, Munich. 

Socialpolitisches Correspon denzblatt 
Berlin. 

Sociologic News, Brooklyn. 

South Eastern Naturalist, Canterbury, 
England. 

Southern Farm, Atlanta, Ga. 

Southern Historical Magazine, Charles- 
ton, W. Va. 

Sozialpolitisches Centralblatt, Berlin. 

Speaker, London. 

Sportsman’s Review, Chicago. 

Strand’s Magazine, London. 

Sugar, London. 

Sugar Beet, Philadelphia. 

Supplemento Annuale alla Enciclopedia 
di chimica scientifica, etc., Turin. 

Svensk Kemisk Tidskrift, Stockholm. 

Technics, Stawell, Australia, 

Temple Bar, London. 

Tennessee Journal of Meteorology, Nash- 
yille. 

Textile Record of Amefica, Philadelphia. 

Theosophist, Madras. 

Tidsskrift for Folkundervisning, Stock- 
holn. 

Tidskrift Jimtlands Lins Fornminnes- 
forening, Ostersund. 

Tidsskrif tfor Physik og Chemie, Copen- 
hagen. 

To-day, Boston. 

Torch, London. 

Tradition, La, Paris. 

Transactions of the Academy of Science, 
St. Louis. 

Transactions of the Canadian Institute, 
Toronto. 

Transactions Manchester Statistical So- 
ciety. 

Transactions Mining Association of Corn- 
wall, Camborne. 

Transactions of the Yorkshire Naturalists, 
Union, Leeds. 

Travaux et Mémoires des Facultés de 
Lille. 

Travaux de la Section de Physico-Chim- 
ique de la Société des Sciences Experi- 
mentales, Kharkov. 


Very respectfully submitted. 


Mr. 8S. P. LANGLEY 
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Treasury of 
York. 

Uebersicht der Ein und Ausfuhr der wich- 

tigsten Waarenartikel, Bern. 

Uchenijja Zapiski, Kazan. 

Union Postale (1), Bern. 

Union Signal (The), Chicago. 

U. 

U 

U 

l 


Religious Thought, New 


S. Catholic Historical Magazine, New 

York. 

J. 8. Miller, Milwaukee. 

Jniversal Market, Berlin. 

Iniversity Extension Bulletin, Albany. 

Iniversity Magazine, New York, 

University Star, Omaha, Nebr. 

Verhandlungen Gelehrte EstnischeGesell- 
schaft, Dorpat. 
Veréffentlichungen des Rechen-Instituts 
der Kéniglichen Sternwarte, Berlin. 
Vierteljahreshefte zur Statistik des 
deutschen Reiches, Berlin. 

Voleur Illustré, Paris. 

Volkskunde, Ghent. 

Vom Fels zum Meer, Stuttgart. 

Vremennik Tsentralnije, St. Petersburg. 

Weather crop Bulletin, Crete, Nebr. 

Wee Willie Winkie, Aberdeen. 

Weekly Bulletin, Boston. 

Weekly Stationary Engineer, Chicago. 

Western Electrician, Chicago. 

Worcester Commercial and Board of 
Trade Bulletin, Worcester, Mass. 

Workshop, New York. 

World’s Progress, Cincinnati. 

Wiirttembergisch—-Franken, 
Kocher. 

Year Book of Australia, Sydney. 

Yorkshire County Magazine, Bradford, 
England. 

Yorkshire Notes and Queries, Bradford, 
England. 

Zdrowie miesieczrisk poswieconij, etc., 
Warsaw. 

Zeitschrift fiir 


lol 


Hall am/ 


anorganische Chemie, 


Munich. 
Zeitschrift fiir deutsche Philologie Halle 
a/S. 


Zeitschrift fiir Oologie, Berlin. 

Zeitschrift des Vereins deutscher Inge- 
nieure, Berlin. 

Zeitschrift Verein fiir Volkskunde, Berlin. 

Zeitschrift fiir Volkskunde, Halle a/S. 

Zeitschrift Westpreussicher Geschichts— 


Verein, Danzig. 
Zeitschrift fiir wissenschaftliche Geo- 


graphie Weimar. 

Zeitschrift fiir wissenschaftliche Mikros, 
kopie und fiir mikroskopische Technik- 
Braunschweig. 


N. P. Scu. DER, 
Acting Librarian, 


Secretary of the Smithsonian Institution, 
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APPENDIX V. 


PUBLICATIONS FOR THE YEAR ENDING JUNE 30, 1892. 


Srr: I have the honor to submit the following report upon the publications of the 
Smithsonian Institution for the year ending June 30, 1892. 


SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE. 


Among the issues in quarto size a fragmentary publication, referred to and partly 
described in the last annual report as nearly ready, has been completed and dis- 
tributed during the present fiscal year. This fragment, as explained in the preceding 
report, is not included in the collected volumes of the ‘‘Contributions to Knowledge,” 
though produced in same form and style. It forms in the Smithsonian series: 

No. 800. ‘‘Plates prepared between the years 1849 and 1859, to accompany a report 
on the Forest Trees of North America, by Asa Gray.” This is a quarto brochure, 
comprising all the plates (23 in number) prepared for Dr. Gray’s long contemplated 
work on forest trees. Though nearly forty years old, these plates, carefully en- 
graved and skillfully colored by hand, are here for the first time collected and 
issued, without any descriptive text, no accounts or descriptions having been found 
among the lamented Dr. Gray’s papers. 

No. 801. ‘‘ Experiments in Aerodynamics.” By S. P. Langley. Quarto volume of 
1v + 115 pages; illustrated with 11 figures in the text, and 10 plates. 


SMITHSONIAN MISCELLANEOUS COLLECTIONS. 


No. 787. ‘‘Lists of Institutions and Foreign and Domestic Libraries, to which it is 
desired to send future publications of the National Museum.” (From the Reportof 
the National Museum for 1889.) Octayvo pamphlet of 78 pages. 

No. 788. ‘‘Memoir of Heinrich Leberecht Fleischer.” By Prof. A. Miter. (From 
the Smithsonian Report for 1889.) Octayo pamphlet of 20 pages. 

No. 789. “On Aerial Locomotion.” By F. W. Wenham. (From the Smithsonian 
Report for 1889.) Octavo pamphlet of 20 pages; illustrated with 6 figures. 

No. 790. ‘Photography in the service of Astronomy.” By R. Radau. Translated 
from the French, by A. N. Skinner. (From the Smithsonian Report for 1889.) Oc- 
tavo pamphlet of 22 pages. 

No. 791. ‘A Memoir of Gustav Robert Kirchhoff.” By Robert von Helmholtz. 
Translated from the German, by Joseph de Perott. (Irom the Smithsonian Report 
for 1889.) Octavo pamphlet of 14 pages. 

No. 792. ‘The Museums of the Future.” By G. Brown Goode, Assistant Secretary 
of the Smithsonian Institution. (From the Report of the National Museum for 1889. ) 
Octavo pamphlet of 19 pages. 

No. 793. ‘Te Pito te Henua, or Easter Island.” By William J. Thomson. (From 
the Report of the National Museum for 1889.) Octavo pamphlet of 106 pages; illus- 
trated with 20 figures and 49 plates: 

No. 794. “Aboriginal Skin Dressing. A study based on material in the U. S. 
National Museum,” By Otis T. Mason. (From the Report of the National Museum 
for 1889.) Octavo pamphlet ot 62 pages; illustrated with 32 plates. 

No, 795, ‘“The Puma or American Lion (Felis concolor of Linneus). By Frederick 
W. True, (Irom the Report of the National Museum for 1889.) Octavo pamphlet 
of 18 pages; illustrated with 1 plate. 
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&: No. 796. ‘Animals recently extinct, or threatened with extermination, as repre- 
i sented in the collections of the U. 8. National Museum.” By Frederick A. Lucas. 
ae (From the Report of the National Museum for 1889.) Octayo pamphlet of 41 pages; 
illustrated with 9 figures and 11 plates. 

No. 797. “The development of the American Rail and Track, as illustrated by the 
collection in the U. 8. National Museum.” By J. Elfreth Watkins. (From the Re- 
- port of the National Museum for 1889.) Octayo pamphlet of 58 pages; illustrated 
~ with 115 figures. 

No. 798. ‘‘Explorations in Newfoundland and Labrador in 1887, made in connec- 
tion with the cruise of the U. S. Fish Commission schooner Grampus.” By Frede- 
rick A, Lucas. (From the Report of the National Museum for 1889.) Octavo pam- 
_ phiet of 20 pages; illustrated with 1 plate or sketch map. 

No. 799. “Preliminary Handbook of the Department of Geology of the U. 8. Na- 
tional Museum.” By George P. Merrill. (From the Report of the National Museum; 

Appendix.) Octave pamphlet of 50 pages. 

; No. 803. ‘The Squaring of the Circle.” By Herman Shtbert. (From the Smith- 
sonian Report for 1890.) Octavo pamphlet of 24 pages. 

No. 804. “An Account of the Progress in Astronomy for the years 1889, 1890.” By 
‘William C. Winlock. (From the Smithsonian Report for 1890.) Octayvo pamphlet 
of 62 pages. 

No. 805. ‘Mathematical Theories of the Earth.” By Robert S. Woodward. (From 

the Smithsonian Report for 1890.) Octavo pamphlet of 18 pages. 

No. 806. ‘On the Physical Structure of the Earth.” By Henry Hennessy. (From 
the Smithsonian Report for 1890.) Octavo pamphlet of 19 pages. 

No. 807. “Glacial Geology.” By James Geikie. (From the Smithsonian Report 
for 1890.) Octavo pamphlet of 10 pages. 

No, 808. ‘The History of the Niagara River.” By G.K.Gilbert. (From the Smith- 
sonian Report for 1890.) Octavo pamphlet of 46 pages: illustrated with 8 plates. 

No. 809. ‘‘The Mediterranean Physical and Historical.” By Sir R. L. Playfair. 
(From the Smithsonian Report for 1890.) Octavo pamphlet of 18 pages. 

No. 810. ‘‘Stanley and the map of Africa.” By J. Scott Keltie. (From the Smith- 
sonian Report for 1890.) Octavo pamphlet of 15 pages; illustrated with 2 maps. 

No. 811. “Antarctic Explorations.” By G.S. Griffiths. (From the Smithsonian 
Report for 1890.) Octavo pamphlet of 12 pages. 

No. 812. ‘“‘The History of Geodetic Operations in Russia.” By B. Witskowski and 
J. Howard Gore. (From the Smithsonian Report for 1890.) Octavo pamphlet of 10 
pages. 

No. 813. “Qrfartz Fibers.” By C. V. Boys. (From the Smithsonian Report for 
1890.) Octavo pamphlet of 20 pages; illustrated with 9 figures. 

No. 814. ‘Dr. Keenig’s Researches on the Physical Basis of Musical Harmony and 
Timbre.” By Sylvanus P. Thompson. (From the Smithsonian Report for 1890.) 
Octayo pamphlet of 25 pages; illustrated with 8 figures. 

No. 815. “The Chemical Problems of To-day.” By Victor Meyer. (rom the 
Smithsonian Report for 1890.) Octavo pamphlet of 15 pages. 

No. 816. ‘‘The Photographic Image.” By Raphael Meldola. (Irom the Smith- 
sonian Report for 1890.) Octavo pamphlet of 11 pages. 

No. 817. “A Tropical Botanic Garden.” By M. Treub. (From the Smithsonian 
Report for 1890.) Octayvo pamphlet of 18 pages. 

No. 818. ‘Temperature and Life.” By Henry de Varigny. (From the Smithso- 
nian Report for 1890.) Octavo pamphlet of 18 pages. 

No. 819. ““Morphology of the Blood Corpuscles.” By Charles-Sedgwick Minot. 
(From the Smithsonian Report for 1890.) Octavo pamphlet of 3 pages; illustrated 
with 1 plate. 

No. 820. “‘Weismann’s Theory of Heredity.” By George J. Romanes. (Irom the 

’ Smithsonian Report for 1890.) Octavo pamphlet of 14 pages, 
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No. 821. “The Ascent of Man.” By Frank Baker. (From the Smithsonian Repo’ 5 
for 1890.) Octavo pamphlet of 20 pages. 


for 1890.) Octavo pamphlet of 8 pages. 

No. 823. “The Primitive Home of the Aryans.” By A. H. Sayce. (From the 
Smithsonian Report for 1890.) Octavo pamphlet of 13 pages. 

No. 824. “The Prehistoric Races of Italy.” By Isaac Taylor. (From the Smith- 
sonian Report for 1890.) Octayvo pamphlet of 10 pages. 

No. 825. “‘The Age of Bronzein Egypt.” By Oscar Montelius. (From the Smith- 
sonian Report for 1890.) Octavo pamphlet of 23 pages; illustrated with 6 plates. 

No. 826. ‘*An Account of the Progress of Anthropology in the year 1890.” By 
Otis T. Mason. (From the Smithsonian Report for 1890.) Octavo pamphlet of 82 
pages; illustrated with 8 figures and 4 plates. 

No. 827. “‘A Primitive Urn Burial.” By Dr. J. F. Snyder. (From the Smith- 
sonian Report for 1890.) Octayo pamphlet of 5 pages; illustrated with 2 plates. 

No. 828. ‘‘Manners and Customs of the Mohaves.” By George A. Allen. (From 
the Smithsonian Report for 1890.) One sheet of 2 octayo pages. 

No. 829. ‘‘Criminal Anthropology.” By Thomas Wilson. (From the Smithsonian ~ 
Report for 1890.) Octavo pamphlet of 70 pages. 

No. 830. ‘‘Color-vision and Color-blindness.” By R. Brudenell Carter. (From 
the Smithsonian Report for 1890.) Octavo pamphlet of 18 pages. | 

No. 831. “Technology and Civilization.” By F. Reuleaux. (From the Smithso- 
nian Report for 1890.) Octavo pamphlet of 15 pages; illustrated with 2 figures. 

No. 832. ‘*The Ramsden Dividing Engine.” By J. Elfreth Watkins. (From the 
Smithsonian Report for 1890,) Octavo pamphlet of 19 pages; illustrated with 1 
figure and 3 plates. F 

No. 833. ‘A Memoir of Elias Loomis.” By H. A.Newton. (From the Smithsonian 
Report for 1890.) Octayo pamphlet of 30 pages. 

No. 834. “‘A Memoir of William Kitchen Parker.” (From the Smithsonian Report 
for 1890.) Octavo pamphlet of 4 pages. ~ 

No. 835. “Sale List of Publications of the Smithsonian Institution, January, 
1892.” Octavo pamphlet of 27 pages. 

No. 838. ‘‘ Report on the International Congress of Orientalists.” Held at Stocek- 
holm, Sweden, and Christiania, Norway, in September, 1889. By Paul Haupt. 
(From the Smithsonian Report for 1890.) Octayvo pamphlet of 8 pages. - 


SMITHSONIAN ANNUAL REPORTS. 


No. 770. ‘‘ Report of the National Museum. Annual Report of the Board of Re- 
gents of the Smithsonian Institution, showing the operations, expenditures, and 
condition of the Institution for the year ending June 30, 1889.” This volume com- 
prises five sections: I. Report of the Assistant Secretary of the Smithsonian Insti- 
tution, G. Brown Goode, in charge of the National Museum, upon the condition and 
prospects of the Museum; II. Reports of the Curators of the Museum upon the prog- 
ress of work during the year; III. Papers describing and illustrating the collee- 
tions in the Museum; IV. Bibliography of publications and papers relating to the 
Museum during the year; and V. List of accessions to the Museum during the year. 
The whole accompanied with an index of 39 pages, and Appendix E.—Preliminary 
Handbook of the Department of Geology in the U. S. National Museum, of 50 pages, 
by George P. Merrill, Curator. This Report forms an octavo volume of xvii+933 
pages; illustrated with 144 cuts or figures in the text, and 107 plates. 

No, 786. ‘‘ Report upon the condition and progress of the U. 8. National Museum 
during the year ending June 30, 1889.” By G. Brown Goode, Assistant Secre- 
tary of the Smithsonian Institution, in charge of the National Museum. (From the 
Report of the National Museum for 1889.) Octavo pamphlet of 277 pages; illustra- 
ted with four plates. 


No. 822. “Antiquity of Man.” By John Evans. (From the Smithsonian Report 
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No. 802. “‘ Proceedings of the Regents, and Report of the Executive Committee 
for the year 1889-90, together with acts of Congress for the year. (From the 
Smithsonian Report for 1890.) Octavo pamphlet of 32 pages. 

No. 386. ‘Report of 8S. P. Langley, Secretary of the Smithsonian Institution, for 
the year ending June 30, 1891.” Octavo pamphlet of 63 pages. 

No. 837. “Annual Report of the Board of Regents of the Smithsonian Institution, 
showing the operations, expenditures, and condition of the Institution to July 
1890.” This volume contains the Journal of Proceedings of the Board of Regents 
at the annual meeting held January 8, 1890; the report of the Executive Com- 
mittee of the Board ; acts and resolutions of Congress relative to the Institution, 
for the year; and the Report of the Secretary of the Institution: followed by the 
“General Appendix,” in which are given the following papers: “The Squaring of 
the Circle,” by Herman Schubert; ‘‘The Progress of Astronomy for the years 
1889, 1890,” by William C. Winlock; ‘Mathematical Theories of the Earth,” by 
Robert S. Woodward; “Physical Structure of the Earth,” by Henry Hennessy; 
“Glacial Geology,” by James Geikie; “History of the Niagara River,” by G. K. 
Gilbert; ‘“The Mediterranean, Physicaland Historical,” by SirR. L. Playfair; “Stan- 
ley and the Map of Africa,” by J. Scott Keltie; ‘Antarctic Exploration,” by G. 8. 
Griffiths; ‘History of Geodetic Operations in Russia,” by B. Witskowski and J, 


- Howard Gore; ‘‘Quartz Fibers,” by C. V. Boys; ‘“‘Kcenigs’s Researches on Musi- 


cal Harmony and Timbre,” by Sylvanus P. Thompson; ‘‘The Chemical Problems of 
To-day,” by Victor Meyer; ‘“The Photographic Image,” by Raphael Meldola; ‘A 
Tropical Botanic Garden,” by M. Treub; ‘Temperature and Life,” by Henry de 
Varigny; ‘‘Morphology of the Blood Corpuscles,” by Charles 8. Minot; ‘ Weis- 
mann’s Theory of Heredity,” by George J. Romanes; “The Ascent of Man,” by 
Frank Baker; ‘‘The Antiquity of Man,” by John Evans; ‘‘Primitive Home of 
the Aryans,” by A. H. Sayce; ‘The Prehistoric Races of Italy,” by Isaac Taylor; 
“The Age of Bronze, in Egypt,” by Oscar Montelius; “Progress of Anthropology in 
1890,” by Otis T. Mason; “A Primitive Urn Burial,” by J. F. Snyder; ‘‘Manners and 
Customs of the Mohaves,” by George A. Allen; ‘‘Criminal Anthropology,” by 
Thomas Wilson; ‘‘Color-vision and Color-blindness,” by R. Brudenell Carter; 
“Yechnology and Civilization,” by F: Rewleanx; “The Ramsden Dividing Engine,” 
by J. E. Watkins; “Memoir of Elias Loomis,” by H. A. Newton; and “Memoir 
of William Kitchen Parker;” the whole forming an octavo volume of xli+808 pages, 
illustrated with 29 figures and 26 plates. 
Very respectfully, 
Wo. B. TAYLOR, 
Editor. 
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Mr. S. P. LANGLEY, 
Secretary Smithsonian Institution. 
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ADVERTISEMENT. 


The object of the GENERAL APPENDIX to the Annual report of the 
Smithsonian Institution is to furnish brief accounts of scientific discov- 
ery in particular directions; occasional reports of the investigations 
made by collaborators of the Institution; memoirs of a general charac- 
ter or on special topics, whether original and prepared expressly for the 
purpose, or selected from foreign journals and proceedings; and briefly 
to present (as fully as space will permit) such papers not published in 
the Smithsonian Contributions or in the Miscellaneous Collections as 
may be supposed to be of interest or value to the numerous correspond- 
ents of the Institution. 

It has been a prominent object of the Board of Regents of the Smith- 
sonian Institution, from a very early date, to enrich the annual report 
required of them by law with memoirs illustrating the more remark- 
able and important deyelopments in physical and biological discovery, 
as well as showing the general character of the operations of the Insti- 
tution; and this purpose has, during the greater part of its history, 
been carried out largely by the publication of such papers as would 
possess an interest to all attracted by scientific progress. 

In 1880, the Secretary, induced in part by the discontinuance of an 
‘annual summary of progress which for thirty years previous had been 
issued by well-known private publishing firms, had prepared by com- 
petent coHaborators a series of abstracts, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zodlogy, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 1888, 

In the report for 1889, a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus- 
sion. This method has been continued in the present report, for 1892. 
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THE METEOROLOGICAL WORK OF THE SMITHSONIAN IN- 
STITUTION.* 


The Smithsonian Institution has always made it a rule of action to 
undertake such lines of work as point the way to great public utilities, 
and these have subsequently been made the function of useful govern- 
ment bureaus of applied science. 

This is notably true in the case of meteorology, which was developed 
by the Institution in both its scientific and its popular aspects, until its 
importance became so well understood, and its utility so widely ap- 
preciated, that in 1870, Congress made it the duty of the Chief Signal 
Officer of the U. S. Army to observe and report storms for the benefit 
of commerce and agriculture. 

The interest of the Smithsonian Institution in meteorology began 
with the organization of its work by its first secretary, Prof. Joseph 
Henry, in 1847, and from that time to the present—nearly half a cen- 
tury—meteorological science has been granted an important share of its 
labors and expenditure. 

In his *“ programme of organization,” submitted on the 8th of Decem- 
ber, 1847, in giving examples of objects for which appropriations might 
properly be made, the Secretary mentioned first, and urged upon the 
immediate attention of the Institution, a “system of extended meteor- 
ological observations for solving the problem of American storms. ” 
This clear appreciation of the existing state of knowledge, and of the 
utilities to be gained, are set forth in the following words, with which 
he commends this undertaking: 

Of late years, in our country, more additions have been made to meteorology than 
to any other branch of physical science. Several important generalizations have 
been arrived at, and definite theories proposed, which now enable us to direct our 
attention, with scientific precision, to such points of observation as can not fail to 
reward us withnew andinteresting results. Itisproposed to organize a systemof ob- 
servations which shall extend as far as possible over the North American continent. 
The present time appears to be peculiarly auspicious for commencing an enterprise 
of the proposed kind. The citizens of the United States are now scattered over 
every part of the southern and western portions of North America, and the extended 
lines of the telegraph will furnish a ready means of warning the more northern and 
eastern observers to be on the watch for the first appearance of an advancing storm. 

In the inauguration of this system of observations, Prof. Henry so- 
licited the suggestions of the most experienced American meteorolo- 
gists—Espy, Loomis, and Guyot—who extended their cordial co-opera- 
tion, 


«Summary prepared for the section of history, World’s Congress of Meteorology, 
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Accompanying the above-quoted presentation of his programme the 
Secretary published a valuable, and now historic, report by Prof. 
Loomis upon the meteorology of the United States, in which he showed 
what advantage society might expect from the study of storms, what — 
had been already done in this country toward making the necessary | = 
observations, and, finally, what encouragement there was to a further 
prosecution of the same researches. He then presented in detail aplan — 
for unifying all the work done by existing observers, and for supple- 
menting it by that of new observers at needed points, for a systematic 
supervision, and, finally, for a thorough discussion of the observations 
collected. 

On the 13th of December, 1847, the Board of Regents adopted the 
‘programme of organization,” and on the 15th inaugurated the sys- 
tem of meteorological observations by an appropriation of $1,000 for 
the purchase of instruments and other related expenses. 

In the following year (1848) Prof. Espy, who was then the official 
meteorologist of the Navy Department, was assigned to duty under the 
direction of the Secretary of the Smithsonian Institution. In connee- 
tion with Espy, the Secretary (Henry) addressed a circular letter to all 
persons who would probably be disposed to take part in the contem- 
plated systems of observations, and co-operation was solicited from the 
existing systems under the direction of the Surgeon-General, and of 
the States of New York and Pennsylvania. As aresult of these efforts 
the Institution at the close of 1849, already had one hundred and fifty 
daily observers, and the number continued to increase. 

In order to unify the methods adopted by observers, Prof. Guyot 
was requested to prepare a pamphlet of Directions for Meteorological 
Qbservations,* which was published in 1850, and to compile a collee- 
tion of Meteorological Tables, which was published as a volume of the 
Miscellaneous Collections in 1852. In 1857, after careful revision by 
the author, a second and much enlarged edition of the Tables was pub- 
lished, and in 1859, a third, with further amendments. Aithough de- 
signed primarily for the meteorological observers reporting to the 
Smithsonian Institution, the Tables obtained a much wider circulation, 
and were extensively used by meteorologists and physicists in Europe 
and the United States. An important step taken at the inception of 
the Smithsonian system was the introduction of accurate instruments. 
Standard barometers and thermometers were imported from Paris and 
London, with which those made for the use of the Institution were 
compared, and sets of such apparatus were furnished to observers. 

In 1849, Prof. Boy personally requested the telegraph companies to 


*Smithsonian Tastee Diveonene for Weteotolanena Grecian: intended 
for the first class of observers. Washington City, 1850. Reprinted with additions 


in Annual Report for 1855, and again as a part of the Smithsonian Miscellaneous 
Collections in 1870. 


direct their operators to replace in their regular morning dispatches 
the signal, “O. K.,” by which they were accustomed to announce that 
their lines were in order, by such words as “fair,” “cloudy,” ete., thus 
giving, Without additional trouble, and as concisely as possible, a sum- 
mary of the condition of the weather at the different stations, which 
should be communicated to him. This request was complied with, and 
such elementary telegraphic weather reports were thus furnished the 
Institution daily, without charge. This action of Prof. Henry, which 
has sometimes been erroneously ascribed to Prof. Espy, was the be- 
ginning of telegraphic weather service, nothing of the kind having 
been attempted in Europe until a later date, and by means of these re- 
ports predictions of coming storms, with all the now recognized advan- 
tage to the country at large, were made possible. With the material 
thus obtained the Institution was enabled in 1850, to construct the first 
current weather map, giving daily, from “live data,” the meteorological 
conditions over the whole country. This map was hung where the pub- 
lic could have general access to it to observe the changes, and its indi- 
cations were first published at large by signals displayed from the high 
tower of the Institution. This method was followed, and further ex- 
tended, by publications in the Washington Hvening Star in 1857, and 
such general interest was manifested in the subject that telegraphic 
weather reports were thereafter furnished to the Star for daily publi- 
eation. The systematic notification of the general public by the press 
and otherwise of weather observations, appears, then, to have been 
undoubtedly due to Henry, and unquestionably to have preceded by a 
year a similar publication in 1858, of Leverrier, to whom this pioneer 
step has been erroneously attributed. 

In 1858, the meteorological map already in use was improved by the 
adoption of circular disks of different colors, which were attached to it 
by pins at each station of observation, and indicated by their color 
the state of the atmosphere—white signifying clear weather; gray, 
cloudy; black, rain, etc. The disks had an arrow stamped upon them, 
and as they were so arranged that they could be attached to the map in 
any direction, the motion of the wind at each station was shown by them, 
and the ‘‘ probabilities” thus more accurately forecast. 

The study of the meteorological data, begun in 1849, continued under 
the direction of the Institution for twenty-five years, during which time 
numerous publications were issued relative to temperature, rainfall, 
hygrometry, and casual phenomena, while popular information was con- 
tinuously disseminated by publishing telegraphic weather reports, maps, 
etc. Among the associates of the Institution in this branch of investi- 
gation may be mentioned Prof. Espy, and later, Prof. J. H. Coffin, Mr. 
©. A. Schott, and others. Their work may be concisely described as 
follows: Prof. Espy utilized the already collected data in the prepa- 
ration of his Third and Fourth Meteorological Reports. After the 
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Smithsonian observations were practically completed, Mr. Schott* took — 
the data and prepared elaborate tables of temperature and precipita- — 


tion, which were published in the Smithsonian Contributions to Knowl- 
edge. . 

Prof. Coffint compiled his great work on the laws of the winds, and 
contributed various lesser works to the bibliography of the Institution 
on meteorological subjects. 

The first collection of meteorological tables compiled by Dr. Guyot, 
at the request of the Institution, was published in 1852, as a volume of 
the Smithsonian Miscellaneous Collections, and new edicions were pub- 
lished in 1857, and 1859. Twenty-five years later the work was again 
revised, and a fourth edition was published (1884). The demand for 
these tables exhausted this edition in a few years; it was then de- 
cided to re-cast the work entirely, and publish it in three parts, one of 
meteorological, one of geographical, and one of physical tables, each 
representative of the latest knowledge in its field, and independent of 
the others, but the three forming a homogeneous series. 

The desirability of establishing a meteorological department under 
one comprehensive system, with an adequate appropriation of funds, 
was frequently urged by the Smithsonian Institution, and in 1869 an 
appropriation of $25,060 was made by Congress for the adoption and 
maintenance of a code of weather signals on the northern lakes, under 
the direction of the Chief of the Signal Corps of the United States 
Army. The Government having thus evinced a willingness to take 
charge of the meteorological system of the country, and it being the 
policy of the Institution to do nothing which could be accomplished as 
well by other means, the work of the Smithsonian in this direction was 
freely relinquished by the Institution, although its formal transfer to 
the War Department did not take place until 1874. 

During the period when the Smithsonian was directly in charge of 
meteorological researches in the United States, its expenditures in 
this connection, which had been voluntarily assumed, were over $60,000, 
In addition to this the Institution made a contribution of inealeulable 
value in the stimulus given to investigations of this class by the active 
personal interest of its first Secretary, who always devoted much time 


*Schott, C. A.: Base chart of the United States. Discussion of Caswell’s meteoro- 
logical observations at Providence, R. I.; Cleaveland’s meteorological observations 
at Brunswick, Me.; Hayes’s physical observations in the Arctic Seas; Hildreth and 
Wood’s meteorological observations at Marietta, Ohio; Kane’s astronomical observa- 
tions in the Arctic Seas; Kane’s magnetic observations in the Arctic Seas; Kane’s 
meteorological observations in the Arctic Seas; Kane’s physical observations in the 
Arctic Seas; Kane’s tidal observations in the Arctic Seas; MeClintock’s meteoro- 
logical observations in the Arctic Seas; Smith’s meteorologeal observations made near 
Washington, Ark.; Tables, distribution, and variation of atmospheric temperature; 
Tables of rain and snow in the United States. 

+ Coffin, J. H.: Orbit and phenomena of meteoric fire ball; Psychrometrical tables; 
Storms of 1859; Winds of the globe; Winds of the northern hemisphere. 
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and thought to this subjeet, while even atter the transfer of the Smith- 
_sonian system to the War Department, the discussion and publication 
_ of the material already accumulated was continued by the Institution. 
- The Smithsonian Institution may, then, be SES the parent of the 
% _ present Weather Bureau. 

— In 1891, the present Secretary (Mr. S. P. Langley) deposited in the 
United cies Signal Office all the voluminous monthly records of the 
Institution, and all the manuscript and printed observations and con- 
tributions relating to meteorology, subject to recall, but with the un- 
derstanding that the entire official record of research and progress in 
_ this connection should be preserved intact by the Bureau which now 
has these investigations in charge. 
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THE HISTORY OF THE TELESCOPE.* 
3y Prof. C. S. Hasrines, Yale University. 


There is no instrument which has done so much to widen the scope 
_ of human knowledge, to extend our notions of the universe, and to stim- 
ulate intellectual activity as has the telescope, unless the microscope 
be regarded as a successful rival. But even admitting a parity in 
- seientific importance, the former instrument is incomparably more 
- interesting in its history, in the same degree that its history is more 
simple and more comprehensible. To trace its development from a 
curious toy in the hands of its discoverer, for we shall see that this term 
is more appropriate than inventor, to the middle of this century, is to 
be brought into contact with most of the great philosophers, from the 
time of the Renaissance, who have achieved greatness in physical 
science, Galileo, Torricelli, Huyghens, Cassini, Newton, Halley, Kepler, 
Euler, Calaiault, the Herschels, father and son, Fraunhofer, Gauss— 
from only a portion of the list of great names. Its growth toward per- 
— fection has constantly carried with it increased precision in the applied 
sciences of navigation and of all branches of engineering. It would be 
easy to show that even pure mathematics would be in a far less forward 
state had there been no problems of astronomy and physics which were 
first suggested by the employment of the telescope. It is to this his- 
tory that I vénture to invite your attention this evening. I purpose to 
review succinctly the origin and development of this potent aid in the 
study of nature, to name some of the more important achievements de- 
pending upon it, and to trace its gradual improvement to the magnifi- 
cent and complicated instrument which constitutes the modern equa- 
torial. After this sketch I shall try to give an idea of the imperfections 
which the conscientious artisan has to contend with in attaining per- 
fection, and to make clear the methods which have been employed in 
reducing these imperfections in the noble instrument now erected at 
this institution,t and explain why its possessors are so hopeful of grat- 
ifying success. 


VS Pee 


* Address delivered at the dedication of the Goodsell Observatory of Carleton 
College, Northfield, Minn., June 11, 1891. (From the Sidereal Messenger, August, 
1891, vol. x, pp. 335-354. ) 
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Galileo learned in 1609, while visiting Venice, that a marvellous in- ~ 
strument had been invented the preceding year in Holland, which 
would enable an observer to see a distant object with the same distinct- 
ness as if it were only at asmall fraction of its real distance. It required 
but little time for the greatest physicist of his age to master the prob- 
lem thus suggested to his mind, and after his return to Padua, where he 
held the position of professor of mathematics in the famous university 
of that city, he set himself earnestly to work making telescopes. Such 
was his success that in August of the same year he sent to the Vene- 
tian senate agore perfect instrument than they had been able to pro- 
cure from Holland; and in January of the next year, by means of a 
telescope magnifying thirty times, he discovered the four satellites of 
Jupiter. This brilliant discovery was followed by that of the mountains 
in the moon; of the variable phases of Venus, which established the 
Copernican theory of the solar system as incontestible, and of the true ; 
nature of the Milky Way, together with many others of less philosoph- 
ical importance. Though Galileo did not change the character of the 
telescope as it was known to its discoverer in Holland, he made it 
much more perfect; and above all, made the first and most fertile ap- 
plication of the instrument to increase the bounds of human knowledge, 
so that it is inevitable that his name should be indissolubly connected 
with the instrument. Thus the form which he used is to this day 
known as the Galilean telescope. 

Considering the enormous interest excited throughout intellectual 
Europe by the invention of the telescope, it seems surprising that its 
early history is so confused. Less than two years after it was first 
heard of, a discovery, perhaps the greatest of a thousand years in the 
domain of natural philosophy, had been made by its means. Notwith- 
standing these facts, the three contemporary, or nearly contemporary, 
investigators assign the honor to three different persons, and if we 
should write out the names of all those to whom more modern writers 
have attributed the invention, the list would be a long one. The sur- 
prise will not be boundless, however, if we consider the task before a 
historian in the next century who undertakes to justly apportion the 
honor of the invention of the telephone among its numerous claimants. 

The analogy, though suggested in the obvious fact that the telephone 
is to hearing just what the telescope is to sight, may be made much 
closer if we could imagine the future historian deprived of all but verbal 
description, that contemporary diagrams and models were wholly want- 
ing. Under such conditions it is difficult to believe that the historian 
would easily escape ante-dating the discovery of the telephone proper 
on account of descriptions, generally imperfect, of the acoustic tele- 
phone. But this would fairly represent the condition of the material 
at the command of an investigator of the present day into a question 
of science of the early part of the seventeenth century. No wonder, 
then, that the invention has been attributed to Archimedes, to Roger 
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Bacon, to Porta, and to many others who have written on optics; but 
to find the name of Satan in the list is certainly surprising. Still we 
read that a very learned man of the seventeenth century, named Arias 
Montanus, finds in the fourth chapter of Matthew, eighth verse, evi- 
dence that Satan possessed, and probably invented, a telescope; other- 
wise, how could he have ‘shown him all the fen tome of the world 
and the glory of them”?* It seems to be well established now, how- 
ever, that Franz Lippershey, or Lippersheim, a spectacle maker at 
Middleburg, was the real inventor of the telescope, and that Galileo’s 


first telescope, avowedly suggested by news of the Hollander’s achieve- 


ment, was an independent invention. 

That this discovery was really an accident we may be quite sure, 
for not only was there no developed theory of optics at that time, but 
even the law of refraction, which lies at the basis of such theory, was 
quite unknown. So, too, it seems to me quite certain that Galileo’s 
invention must have been empirical and guided by somewhat precise 
information, such as that the instrument consisted essentially of two 
lenses, of which one was a magnifying and the other a diminishing 
lens. At least, that Galileo’s telescope was like that of the Hollander; 
that, theoretically considered, it is not so simple as that made of two 
magnifying lenses, as is evinced by the fact that Kepler, the first 
philosopher to establish an approximate theory of optical instruments, 
only two years later invented the latter and prevailing form; and 
finally, that Galileo published no contributions to the theory of optics, 
seem quite sufficient reasons for such a belief. But, in any case, Ga- 
lileo’s merit isin no wise lessened by having failed to do what could 
not be done at that time, and the value of his discoveries in emanci- 
pating men’s minds from authority in matters of pure reason is incal- 
culable. 

No other discoveries of great moment were inade until over a gen- 
eration after Galileo proved the existence of spots on the sun in 1611. 
This cessation of activity was doubtless owing to the difficulty of se- 
curing telescopes of greater efficiency than that possessed by Galileo, 
and which he would hardly have left until its powers of discovery had 
been fully exhausted in hisown hands. Bythe middle ofthe seventeenth 
century, however, several makers of lenses had so far improved the 
methods of grinding and polishing, that telescopes notably superior in 
power to that of Galileo were procurable. Of these Torricelli, Divini, 
and Campani, all Italians,—Auzout, who constructed a telescope 600 
feet in length, though no means was ever found for directing such an 
enormous instrument towards the heavens,—but above all, Huyghens, 
have won distinction as telescope-makers. The last named philos- 
opher discovered, by means of a telescope of his construction, the lar- 
gest satellite of Saturn in 1655, thus adding a fifth member to the list 


* ‘The history of the ielesucus is- admirably fenicA 10 Srereeudor®’ 8 valtuachiohin 
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of planetary bodies unknown to the ancients. But his most important 
astronomical discovery, made also in 1655, was the nature of the 
rings of Saturn. This object had greatly puzzled Galileo, to whose 
small telescope the planet appeared to consist of a larger sphere 
flanked on either side by a smaller one; but when in the course of the 
orbital motion of Saturn the rings entirely disappeared he was wholly 
unable to suggest an explanation. This planet had thus presented 
a remarkable problem to all astronomical observers for more than 
forty years, and the records of the efforts to solve it during that inter- 
val afford us a°*most excellent means of judging the progress in practi- 
caloptics. Huyghens announced these discoveries early in 1656, but 
that relating to the ring was given in the form of an anagram, the 
solution of which was first published in 1659, This discovery was 
contested in Italy by Divini, but was finally confirmed by members of 
the Florentine Academy with one of Divini’s own telescopes. 

A few years later the famous astronomer Cassini, having come to 
Paris from Italy as royal astronomer, commenced a series of brilliant 
discoveries with telescopes made by Campani, of Rome. With these, 
varying in length from 35 feet to 136 feet, he discovered four satellites 
to Saturn in addition to the one discovered by Huyghens. The whole 
number was increased by Herschel’s discovery of two smaller ones in 
1789, a hundred and five years after Cassini’s last discovery, and again 
by Bond’s discovery of an eighth in 1848. The Saturnian system, to 
which the telescope has doubtless been directed more frequently than 
to anything else, thus serves as a record of the successive improve- 
ments of the telescope. Highly significant is the fact that the discov- 
eries of the eighteenth century were made with a reflecting telescope, 
the others all being with refracting instruments. 

Cassini’s discovery in 1684 of the two satellites now known as Tethys 
and Dione, was not accepted as conclusive until long afterwards, when 
Pound, in 1718, with a telescope 123 feet in length, which Huyghens 
had made and presented to the Royal Society, saw all five. This par- 
ticular instrument is of especial interest, because it is the only one of 
those of the last half of the seventeenth century which has been ecare- 
fully compared with modern instruments. Moreover, it is without 
doubt quite equal in merit to any of that period. But we find that, 
although it had a diameter of 6 inches, its performance was hardly 
better than that of a perfect modern telescope of 4 inches in diameter, 
and, perhaps, 44 feet in length, while in regard to convenience in use 
the modern compact instrument is incomparably superior. 

Another notable discovery of this period was that of the duplicity 
of the rings of Saturn by the Ball brothers in 1665, though its inde- 
pendent discovery by Cassini ten years later first attracted the atten- 
tion of astronomers. The earlier discovery was made by means of a 
telescope 38 feet long which seems to have been of English manufae- 
ture. We must regard Cassini’s discovery of the third and fourth sat- 
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ellites of Saturn, however, as marking the very farthest reach of the 
old form of telescope; a century was to elapse and an entirely new 
form of telescope was to be developed before another considerable ad- 
dition to our knowledge of the aspect of the heavenly bodies was to be 
made, It is true larger telescopes were made, and Huyghens invented 
a means by which they could be used without tubes, but notwithstand- 
ing this improvement they proved so cumbersome as to be impracticable. 

The older opticians had found thatif they attempted to increase the 
diameter of a telescope they were obliged to increase its length ina 
much more rapid ratio to secure distinct vision. The* reason of this 
was not clearly understood, but it was supposed to be owing to the fact 
that a wave front, changed in curvature by passing through a spherical 
surface, is no longer strictly spherical. This deviation in shapeof the 
refracted wave from a true sphere is called spherical aberration. When 
the refracting surfaces are large and of considerable curvature this 
soon becomes very serious, but by using small curvature, which, in a 
telescope, obviously corresponds to great length, the effects of the error 
cau be made insensible. Newton’s discovery of the composite nature 
of light and of the phenomenon of dispersion enabled him to explain 
the true cause of indistinctness in short telescopes; namely, that the 
refraction by the objective varies for different colors; consequently, if 
the ocular is placed for one particular color, it will not be in the right 
position for any of the others, whence the image of a star or planet 
will seem to be surrounded by a fringe of colored light. Newton found 
this source of indistinctness in the image, which is now known as 
chromatic aberration, many hundred times as serious as the spher- 
ical aberrations. As he was persuaded by his experiments that this 
obstacle to further improvement in the refracting telescope was in- 
superable, he turned his attention to a form of telescope which had 
been suggested a number of years earlier in which the image was to 
be formed by reflection from a concave mirror, and constructed a small 
one with his own hands which is still in the possession of the Royal 


Society. This little instrument seems to have been of about the same 


power as Galileo’s instrument with which he discovered the satellites 
of Jupiter, but is was hardly more than 6 inches in length. 

Since that time the reflecting telescope has had a remarkable histery 
of development in the hands of a number of most skillful mechani- 
cians, who have also for the most part been distinguished by their dis- 
coveries in physical astronomy; we may therefore advantageously 
depart from the chronological treatment and follow the history of this 
type of instrument. This course is the more natural because we may 
probably regard the supremacy of the reflector (undisputed a century 
ago) as passed away forever. 

Even after Newton’s invention was made public, little was done 
towards the improvement of telescopes for half a century, until Hadley 
presented a reflector of his own construction to the Royal Society in 
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1723, which was found to be equal to the Huyghens refractor of 123 
feet in length. From this time we may date the beginning of the 
superiority of reflectors. A few years later Short commenced his 
career as a practical optician, and for thirty years he was unapproached 
in the excellence of his instruments. During this time many telescopes, 
more powerful than the best of the previous century and infinitely more 
convenient in use, had been made and scattered throughout Europe, 
but during this period also there was a singular dearth of telescopic 
discovery. Perhaps men thought that the harvest had already been 
gathered; or, perhaps, we may find the explanation in that the great 
cost of telescopes so restricted their use that the impulse to discovery 
by their means was confined to a very small class. In view of the 
remarkable manner in which the standstill in this branch of science 
was finally followed by a brilliant period of discovery, rivalled alone 
by that of Galileo, we might well regard the latter cause as the chief 
one. 

William Herschel was born in 1738 in Hanover. In 1755 he left his 
native country, and going to England, secured a position as organist 
in Octagon Chapel, Bath, where we find him in 1766. Here he became 
so profoundly interested in the views of the heavens which a borrowed 
telescope of moderate power yielded, that he tried to purchase one in 
London. The cost of a satisfactory instrument proving beyond his 
command, he determined to construct one with his own hands. Thus 
he entered upon a course which was to reflect honor upon himself, his 
country, and his age, and which was to add more to physical astronomy 
than any other one man has added before or since. With almost 
inconceivable industry and perseverance he cast, ground, and polished 
more than four hundred mirrors for telescopes, varying im diameter 
from 6 to 48 inches. This in itself would imply a busy life in any arti- 
san, but when we remember that all this was merely subsidiary to his 
main work of astronomical discovery, we can not withhold our admira- 
tion. 

Fortunately for science as well as for himself, he made early in his 
career a discovery of the very first importance which attached the at- 
tention of all Christendom. On the night of March 13, 1781, Herschel 
was examining small stars in the constellation of Gemini with one of 
his telescopes of a little more than 6 inches in diameter, when he per- 
ceived one that appeared “visibly larger than the rest.” This proved 
to be a new world, now known as Uranus. The discovery led in the 
following year to his appointment as astronomer to the king, George 
III, with a salary sufficient to enable him to devote his whole time to - 
astronomy. 

One of the fruits of this increased leisure was the construction of a 
telescope far more powerful than had been dreamed of by his prede. 
cessors, namely, a telescope 4 feet in diameter and 40 feet in length. 
Commenced in 1785, Herschel dated its completion as August 28, 1789, 
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when he discovered by its means a sixth satellite of Saturn and, less 
than a month later, a seventh, even closer to the planet and smaller 
than the sixth. We may regard this achievement as marking the limit 
of progress in the reflecting telescope, for, although at least one as 
large is now in use, and one even half as large again has been con- 
structed, it is more than doubtful whether they were ever as perfect as 
Herschel’s at its best. 

There has been one improvement however in the reflecting telescope 
since the time of Herschel which ought not to be left unnoticed here, 
namely, that of replacing the heavy metal mirror by one of glass, made 
even more highly reflective than the old mirrors by a thin coating of 
Silver deposited by chemical methods upon the polished glass. The 
great advantage of this modern form of reflector lies, not so much in 
the greater lightness and rigidity of the material as in that the surface 
when tarnished can be renewed by the simple process of replacing the 
old silver film by a new one; whereas in the metal reflectors a tarnished 
surface required a repetition of the most difficult and critical portion of 
the whole process of construction. The construction is also so compar- 
atively simple that an efficient reflector is far less expensive than are 
refracting telescopes of like power, so that this may be regarded as 
particularly the amateur’s telescope. On the other hand, such tele- 
scopes are, like their predecessors, extremely inconstant, and they re- 
quire much more careful attention to keep them in working order. It 
is for these reasons, doubtless, that silver-on-glass reflectors have done 
so little for the advancement of astronomical discovery. In astronom- 
ical photography, however, they promise to do much; and indeed, at 
the present date by far the best photographs we have of any nebule 
have been made by Mr. Common’s magnificent reflector of 3 feet in 
diameter, and by the 20-inch reflector of Mr. Roberts. 

We must go back now to a quarter of a century before Herschel dis- 
covered tlie new planet,—to the very year indeed when that great 
astronomer first set foot on English soil,—in order to trace the history 
of another form of telescope which has remained unrivalled for the last 
half century in the more difficult fields of astronomical research, and 
which to-day finds its most perfect development in the instruments at 
Mount Hamilton, at Pulkowa, at Vienna, and at Washington. 

Newton had declared that, as a result from his experiments, separa- 
tion of white light into its constituent colors was an inevitable accom- 
paniment of deviation by refraction, and consequently the shortening of 


_ the unwieldy refractors was impracticable. The correctness of the ex- 


periments remained unquestioned for nearly a century; but a famous 
German mathematician, Euler, did question his conclusion. His argu- 
ment was that since the eye does produce colorless images of white ob- 


jects it might be possible by the proper selection of curves to so combine 


lenses of glass and of water as to produce a telescope free from the color 
defect. Although Euler’s premise was an error, since the eye is not free 
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from dispersion, his efforts had the effect of leading to much more crit- 
ical study of the phenomena involved. In this John Dolland, an Eng- 
lish optician, met with brilliant success. Repeating an experiment of 
Newton’s with a prism of water opposed by a prism of glass he found 
that deviation of light could be produced without accompanying dis- 
persion into prismatic colors. More than this, he found that the two 
varieties of glass, then as now common in England—crown or common 
window glass, and flint glass, which is characterized by the presence 
of a greater or less quantity of lead oxide—possessed very different 
powers in respect to dispersion; thus, of two prisms of these two vari- 
eties of glass which would deflect the light by the same angle, that 
made of flint glass would form a spectrum nearly twice as long as the 
other; hence, if a prism of crown glass deflecting a transmitted beam 
of light, say 10 degrees, were combined with one of flint glass which 
would deflect the beam of light 5 degrees in the opposite direction there 
would remain a deflection of 5 degrees without division into color. It 
also follows that a positive lens of crown combined with a negative 
lens of flint of half the power would yield a colorless image. Such 
combinations of two different substances are called achromatic systems. 

It is a singular fact, worth noting in passing, that more than twenty 
years before Dolland’s success, Mr. Chester More Hall had invented 
and made achromatic telescopes, but this remained unknown to the 
world of science until after Dolland’s telescopes became famous. 

For along time this ingenious invention remained fruitless for astro- 
nomical discovery, (though they were early applied to meridian instru- 
ments,) on account of the impossibility of securing sufficiently large and 
perfect pieces of glass, more particularly of flint glass. Not until after 
the beginning of this century was any real advance in this branch of 
the arts exhibited. Even then success appeared, not in England or 
France, where most strenuous efforts had been made to improve the 
quality of optical glass, butin Switzerland. There a humble mechanic, 
a watchinaker named Guinaud, spent many years in efforts, long un- 
fruitful, to make large pieces of optical glass. What degree of success 
he attained there during twenty years of experiment we do not know, 
though from the fact that during that period good achromatic tele- 
scopes of more than 5 inches in diameter were unknown we must con- 
clude that his success was limited. In 1805 he joined the optical 
establishment of Fraunhofer and Utzschneiden in Munich. Here he 
remained nine years, and with the increased means at his disposal, and 
the aid of Fraunhofer, he perfected his methods so far that the pro- 
duction of large disks of homogeneous glass became only a matter of 
time and cost; that is to say, all of the large pieces of optical glass 
which have since been produced, whether in Germany, France, or Eng- 
land, have been made by direct heirs of the practical secrets of this 
Swiss watchinaker. 

Fraunhofer was a genius of a high order. Although he died at the 
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early age of 39, he had not only brought the achromatic telescope to a 
degree of optical perfection which made it a rival of the most powerful 
of the reflector type, and so far improved its method of mounting, that 
his system has replaced all others; but he also made some capital dis- 
coveries in the domain of physical optics. THis great achievement was 
the construction of an achromatic telescope 9.6 inches in diameter, 
with which the elder Struve made at Dorpat his remarkable series of 
discoveries and measurement of double stars. The character of 
Struve’s work demonstrates the excellence of the telescope, and shows 
us that it is to be ranked as the.equal of all but the very best of its 
predecessors. Indeed, it may fairly be concluded that not more than 
one or tivo telescopes, and those made and used by Herschel, had ever 
been of greater power, while in convenience for use the new retractor 
was vastly superior. 

For a long time Fraunhofer and his successors, Merz and Mahler, 
from whom the great telescopes of Pulkowa and of the Harvard Observ- 
atory were procured, remained unrivalled in this field of optics. But 
they have been followed by a number of skillful constructors whose 
products have, since the middle of the century, been scattered all over 
the world. Im Germany, Steinheil and Schréder; in France, Canchois, 
Martin, and the Henry brothers; in England, Cook and Grubb; and in 
this country the Clarks and Brashear, have each produced one or more 
great telescopes which has rendered his name familiar to all readers of 
astronomical history. Of these the Clarks, father and son, have beyond 
a doubt won the first place, whether determined by the character of 
the discoveries made by means of their instruments or by the fact that 
the two most powerful telescopes in existence were made by them, 
namely, the uew refractor of 30 inches in diameter, at Pulkowa, and the 
ereat refractor of 3 feet diameter, of the Lick Observatory in California. 
The most notable discoveries made with their telescopes are the satel- 
lites of Mars and the companion to Sirius; but besides these there is a 
long list of double stars of the most difficult character discovered by 
the makers themselves, by Dawes, in England, by Burnham, in our 
own country, and by a number of other observers. 

We ought not to terminate our review of the development of the tel- 
escope without a reference to the parallel development of the mounting 
of great telescopes. Indeed, did this not lead us too far from the im- 
mediate aim in view, we might find a great deal of interest and be 
brought into agreeable contact with some of the cleverest mechanicians 
and engineers of two centuries by tracing its course. We should 
meet with Huyghens, as the inventor of the aerial telescope, and per- 
haps consider the Claims of his contemporary, Robert Hook, as a rival 
inventor, for we may be sure that nothing which brings us to a study 
of that curious and able philosopher would fail to possess interest. We 
should find Herschel confronted with the problem as to how he should 
use his great 40-foot telescope, and the study of his solution would 
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euide us in valuing the results of the subsequent efforts of Lassel and 
Rosse. The same line of study would bring us to Grubb’s clever and 
interesting equatorial mounting of that anachronism, the 4-foot Mel- 
bourne reflector. But we should find nothing of very notable interest 
in the mounting of refractors, after the time of Huyghens and Hook, 
until Fraunhofer invented a type of mounting for the famous Dorpat 
equatorial, which still remains in its essential features as the type in 
universal use. With the increase in size of the telescopes to be directed 
towards the heavens, however, the number and complexity of the me- 
chanical problems to be solved has been vastly increased, so that they 
have taxed the best powers of some of the ablest mechanicians. ‘The 
Repsolds, of Germany, and Sir Howard Grubb, of Dublin, have specially 
distinguished themselves in this field of activity. But it seems to me 
that none have shown greater fertility of resources, greater skill in the 
solution of every problem affecting the comfort and efficacy of the ob- 
server, and greater taste, combined with accurate workmanship, than 
have the celebrated firm which has mounted the telescope at Mount 
Hamilton and that at Carleton College. 

We come now to a consideration of the present state of the art of 
lens-making. We ask why such a very large proportion of the tele- 
scopes in existence are bad; why there was a time, brief it is true, dur- 
ing which the glass-maker was certainly in advance of the demands of 
telescope-makers; and why, finally, the first of the great modern objec- 
tives was in the hands of the most skillful optician in Great Britain for 
seven years, and even then this maker asserted that it was incomplete. 

These questions can not be answered in a word, but we can, at least, 
gain much in perspicuity by recognizing that the reasons are of two 
distinct kinds, namely, purely technical, and theoretical; and by re- 
garding them briefly in succession. 

The art of lens-making can be certainly traced back to the 13th cen- 
tury, though the methods at a much later day than that were so rude 
that, as we have seen, Galileo had the utmost difficulty in making a 
lens good enough to bear a magnifying power of 30 times. At the 
present day there is little difficulty in selecting a spectacle glass which 
would rival that most famous of all telescopes. Not until after another 
generation of effort was there such notable improvement in the tech- 
nique of lens-making that further astronomical discovery was possible, 
The reasons for this slow progress are to be found in the extremely 
critical requirements for a good lens. A departure by a fraction of a 
hundred-thousandth part of an inch from a correct geometrical surface 
will greatly impair the performance of an objective. But even at this 
day the limit of accurate measurement may be set at about a one-hun- 
dved-thousandth of an inch, while it is quite probable that ten times 
that value was vanishingly small to the artisans of a century or more 
ago. It was necessary therefore to devise a method of polishing— 
for it is a comparatively simple matter to grind a surface accurately— 
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which should keep the surface true within a limit far transcending the 
range of measurements. Huyghensis the first who seems to have done 


_ this, by polishing upon a paste which was formed to the glass and then 


dried, and by using only the central portion of a large lens. In Italy 
Campani developed a system which he most jealously guarded as a 


_ Secret until his death, consisting of polishing with a dry powder on 
paper cemented to the grinding tools. This method still survives in 


Paris to the exclusion of almost all others, and it is probably the best 


_ for work which does not demand the highest scientific precision. 


Newton however was the first to introduce a method which has 
since been developed to a state of surprising delicacy. Casting about 
for a means which should be sufficiently “tender,” to use his own ex- 
pression, for polishing the soft speculum metal, he fixed upon pitch, 
shaped to the mirror while warm, as a bed to hold the polishing powder. 


- But the enormous value of this substance lies not so much in the com- 
parative immunity which it gives from scratching, but in the fact that 


under slowly changing forces it is a liquid, but under those of short 
duration it behaves like a hard and brittle solid. Thus it is possible 
to slowly alter the shape of a lens while polishing, in any desired direc- 
tion. It was only after the practical recognition of this fact that really 
excellent lenses were much more than a question of good fortune. ‘The 
perfecting of this method belongs without doubt to the English of the 
last century and the early part of this. In the Philosophical Transac- 
tions, we find many long papers relating to this art, contributed by 
skillful and successful amateurs. We may therefore regard the tech- 
nique of the art of lens-making as practically complete at the middle of 
this century and as common property, so that success no longer de- 
pends upon the holding of some special or secret method. 

Weare now (after this, I fear, somewhat dry discussion of a necessary 
point) in a condition to explain the differences between the processes 
pursued by mgst telescope-makers and that of the maker of the Carleton 
College telescope. 

This is the ordinary method: After securing perfect pieces of glass, 
crown and flint, as like as possible to those generally used, and having 
fixed upon the general shape of the lenses, a guess is made as to the 
proper radii of the four surfaces to determine the desired focal length 
and corrections both for color and spherical aberration. The success 
of this guess has much to do with the necessary outlay of labor, and 
therefore past experience is of great value as a guide. After working 
the four surfaces to the dimensions provisionally adopted so far as to 
admit of fairly good seeing through the objective, an examination of the 
errors is made. Should the errors of color be so small that their final 
correction will not make the telescope more than from 8 to 10 per cent 
greater or less than the desired focal length, the crown lens will prob- 
ably be completed in accordance with the provisional figures. Then 
the flint lens will be modified in such a direction as will tend to correct 
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the observed errors of color and figure, until, by a purely tentative proc- 
ess, the color error is practically negligible and the error of figure is 
small. Then follows a process when the qualities of skill, conscientious- 
ness, and perseverance have full scope. This process first introduced, or 
at least made public by Foucault, is known as local correcting. It 
consists in slowly polishing away portions of the lens surfaces so that 
errors in the focal image become so small, not that they can not be de- 
tected, but that one can not determine whether they are on the one 
side of truth or the other. Local correcting has always seemed to me 
to be eminently unscientific and unnecessary. It is a process of mak- 
ing errors small which ought not to exist. 

Mr. Brashear’s method is essentially different from this. Before the 
glasses are touched every dimension and constant of the finished 
objective is known with great accuracy. His whole aim is to make the 
surfaces geometrically perfect; and by ingenious polishing machinery, 
which embodies twelve years of his thought and experience, he is 
enabled to do this with truly astonishing exactness. All the surfaces 
which admit of investigation—usually three in his ordinary construc- 
tion—are made rigidly true without regard to the character of the focal 
image. This leaves only one surface which is known to be very nearly 
a sphere, but probably deviating slightly within in the direction of a 
prolate or oblate spheroid. A glance at the character of the focal image 
will determine this point. Then the polishing machine is adapted to 
bring about a change in the proper (lirection, and after action during a 
measured interval of time, the image is again examined, and from the 
observed change in character the necessary time for complete correc- 
tion by the same or contrary action may be deduced. It will be 
observed that by this means it is quite possible to correct errors which 
are much too small to betray their nature, since a step in the wrong 
direction carries with it no consequences of the slightest moment, since 
any step may be retraced. 

When we learn that Mr. Brashear’s telescope objectives have always 
had a focal length differing only from one-tenth to one one-hundred- 
and-eightieth of 1 per cent of the value prescribed, we have a sugges- 
tion of the success of his efforts. But adding to that the fact that he 
is absolutely untrammelled by purely mechanical considerations, either 
as to the shape of his lenses or the character of his materials, leaving 
these questions to be decided alone by the requirements of the astrono- 
mer, it seems to me that we may fairly accord to him the merit of the 
most important improvements introduced into his art for a very long 
period. 

I shall not venture to demand much of your time in considering the 
purely theoretical difficulties in telescope construction, not merely be- 
cause the subject has already taxed our patience, but because it would 
be of almost too technical a character did we allow ourselves to regard 
anything but the most general features. 
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The obvious requirements are that in a good objective the light com- 
ing from a point in the object should be concentrated at a point in the 
image; but this, combined with a prescribed focal length, may be re- 
duced to three conditions: First, a fixed focal length; second, freedom 
from color error; third, freedom from spherical aberration for a partic- 
ular color or wave length of light. Now let us catalogue what provi- 
sions we have for satisfying these conditions.. They are, four surfaces, 
which must be spherical but may have any radii we please, the two 
thicknesses of the two lenses, and the distance which separates the 
lenses—that is, seven elements which may be varied to suit our require- 
ments. As a matter of fact, however, on account of the cost of the 
material and the fact that glass is perfectly transparent, for powerful 
telescopes we must make the lenses as thin as possible; and we shall 
find also that separating the lenses introduces errors away from the 
axis which are, to say the least, undesirable. We have left, therefore, 
only the four radii as arbitrary constants. These, however, are more 
than enough to meet the three requirements. To make the problem 
determinate we must add another condition. The suggestion of this 
fourth condition and carrying the problem to its solution is the work 
of the great mathematicians who have directed their thought to it. 
Olairault proposed to make the fourth condition that the two adjacent 
surfaces should fit together and the lenses becemented. This condition 
would be, doubtless, of great value were it possible to cement large lenses 
without changing their shapes to a degree which would quite spoil their 
performance. Sir John Herschei published a very important paper in 
1821, in which he made the fourth condition that the spherical aberration 
should vanish, not only for objects at a very great distance, but also for 
those at a moderate distance. In this paper he computed a table, after- 
wards greatly extended by Prof. Baden Powell, for the avowed purpose 
of aiding the practical optician. It was this feature undoubtedly which 
brought his* construction, not at all a good one as we Shall see, into 
more general use than any other for some time. But, as all Herschel’s 
tables were derived from calculations which wholly disregarded the 
thickness of the lenses, I am quite unable to see how they could have 
been of any material aid, and am inclined to suspect that the discredit 
with which opticians have received the dicta of mathematicians con- 
cerning their instruments may have been due in part to this very fact. 
It is a singular fact, for which I have in vain sought the explanation, 
that Fraunhofer’s objectives are of just such a form as to comply with 
the Herschelian solution, although they must have been made quite 
independently. 

Gauss made the fourth condition that another color or wave-length 
of light should be also free from spherical aberration. This seems to 
have been a tour de force as a mathematician, not as a sober suggestion 
of an improvement in construction, for in a point of fact the construc- 
tion is very bad. It was generally believed that this condition could 
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not be fulfilled; therefore Gauss, who was particularly fond of doing 
what all the rest of the world believed impossible, straightway did it. 
There has been only one effort to carry out this suggestion of Gauss, 
and that forty years later by Steinheil, but it proved a disappointment. 
A much larger objective made by Clark a few years ago, of the general 
form of Gauss’s objective, probably does not meet the Gaussian condi- 
tion,—at least this condition is extremely critical, and I believe itis not 
asserted that the objective was ever thoroughly investigated. It has 
been the father of no others. 

It is hardly surprising, since none of these forms have any real merit, 
that the practical optician has, following the line of least resistance, 
adopted a form which costs him less labor than those heretofore men- 
tioned and is quite as good. By making the curve equi-convex the 
trouble and expense of making one pair of tools is saved, although this 
would hardly appear a satisfactory reason for choice of a particular 
form to the astronomer, who simply demands the best possible instru- 
ment of research. 

The reason for so much futile work on the theory of the telescope 
objective is not far to seek. It had always been tacitly assumed that 
the condition of color correction, one of those which serves to determine 
the values of the arbitrary constants, was readily determinable—in 
fact, one of the donne of the problem, whereas it is just this datum 
which has offered peculiar difficulties. Fraunhofer brought all the re- 
sources at the command of his genius to bear upon this point, and frankly 
failed, although in the effort he made a splendid discovery, which has 
assured a permanence to his fame no less than that of the history of 
science itself—the discovery of the dark, or Fraunhofer, lines in solar 
and stellar spectra. Gauss proposed the condition that the best objec- 
tive is that which produces the most perfect concentration of light about 
the place of the geometrical image of a point, just as the best rifle 
practice is that which produces the maximum concentration of hits 
about the center of the target. That this is a false guide appears at once 
from the consideration that if we take even as much as 10 per cent of 
the light from an object and diverted from the image so far that it can 
not be found, the telescope may still be practically perfect; all of Her- 
schel’s did much worse than this. But if you take that same 10 per 
cent and concentrate it very close about the image, the telescope will 
be absolutely worthless. 

The true difficulty with most of the theorists is this: There is no 
recognition of the relative weight or importance of unavoidable errors. 
The optician is confronted at the very outset by the fact that absolute 
elimination of color error is impossible, for certain physical reasons 
which we have not time for considering farther. He can reduce the 
color error of the old single-lens type of telescopes hundreds of times, 
and hence the length of the telescope tens of times. It is this fact 
which prevents the still farther shortening of telescopes, which keeps 
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: _ the ratio of length to diameter not less than fifteen to one in large tele- 


scopes. This restriction being recognized, let us revise our limiting con- 
ditions. They now become, first, fixed focal length; second, best color 
correction; third, freedom from spherical aberration for a particular 
wave-length of light. We therefore have still one arbitrary constant 
undetermined. How shall we fix its value, and thus solve the problem 
completely? Surely there is only ene rational guide. Consider the 
residual errors and make the fourth condition such as to reduce these 
errors as far as possible. Now the only remaining errors are secondary 
color error and spherical aberration for colors other than that for which 
it is eliminated, or more scientifically, chromatic difference of spherical 
aberration. Which of these is the gravest defect? Our answer must 
depend upon the use to which the objective is to be put. Ifitisa 
high-power microscope objective, it is certainly the second. If itis an 
objective to be used for photographing at considerable angular dis- 
tances from the axis, our question loses its physical significance, since 
we have excluded the consideration of eccentric refraction. But if the 
objective is to be for a visual telescope, there is no question that the 
defect of secondary color error is incomparably the most serious. Our 
fourth and determining condition must, therefore, be better color cor- 
rection. 

These are therefore the considerations which have served as guides 
in the construction of the Carleton College objective. Tirst, the selec- 
tion of the materials which, in the present condition of the art of opti- 
cal glass making, possess in the highest degree the desired physical 
properties; second, a general discussion of every possible combination 
of these two pieces of glass and a selection of the forms which yield 
the best attainable results. This conscientious strife after scientific 
perfection, the unexeclled skill with which the results of analysis have 
been interpreted into the reality of substance, the gratifying identity 
of predictedsand realized values of physical characteristics—all of these 
have led some of those who have watched the growth of this new in- 
strument of research with the most solicitous attention to the belief 
that although not the most powerful in existence it may well be the 
most perfect great telescope yet made. Let us therefore congratulate 
the possessors of this noble instrument, wish them God speed in their 
search after knowledge, while we remind them that although no as- 
tronomer can ever make another discovery which will rival that made 
by the insignificant tube first directed toward the heavens by the 
Paduan philosopher, yet no mind can weigh the importance of any 
truth, however trivial in appearance, which may be added to that store 
which we call “science.” 
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In its beneficent progress through these islands the British Asso- 
ciation for the Advancement of Science now for the fourth time receives 
a welcome in this ancient capital. Once again, under the shadow of 
these antique towers, crowded memories of a romantic past fill our 
thoughts. The stormy anuals of Scotland seem to move in possession 
before our eyes as we walk these streets, whose names and traditions 
have been made familiar to the civilized world by the genius of litera- 
ture. At every turn, too, we are reminded, by the monuments which 
a grateful city has erected, that for many generations the pursuits 
which we are now assembled to foster have had here their congenial 
home. Literature, philosophy, science, have each in turn been guided 
by the influence of the great masters who have lived here, and whose 
renown is the brightest gem in the chaplet around the brow of this 
Queen of the North. 

Lingering for a moment over these local associations, we shall find a 
peculiar appropriateness in the time of this renewed visit of the Asso- 
ciation to Edinburgh. A hundred years ago a remarkable group of 
men was diseussing here the great problem of the history of the earth. 
James Hutton, after many years of travel and reflection, had com- 
municated to the Royal Society of this city, in the year 1785, the first 
outlines of his famous Theory of the Earth. Among those with whom 
he took counsel in the elaboration of his doctrines were Black, the 
illustrious discoverer of fixed air and latent heat; Clerk, the sagac- 
ious inventor of the system of breaking the enemy’s line in naval tac- 
tics; Hall, whose fertile ingenuity devised the first system of experi- 
ments in illustration of the structure and origin of rocks; and Playfair, 
through whose sympathetic enthusiasm and literary skill Hutton’s 
views came ultimately to be understood and appreciated by the world 
at large. With these friends, so well able to comprehend and criticise 
his eftorts to pierce the veil that shrouded the history of this globe, he 
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paced the streets amid which we are now gathered together; with them > 


he sought the crags and ravines around us, wherein Nature has laid 
open so many impressive records of her past; with them he sallied 
forth on those memorable expeditions to distant parts of Scotland, 
whence he returned laden with treasures from a field of observation 
which, though now so familiar, was then almost untrodden. The cen- 
tenary of Hutton’s Theory of the Earth is an event in the annals of 
science which seems most fittingly celebrated by a meeting of the 
British Association in Edinburgh. 

In choosing from among the many subjects which might properly 
engage your attention on the present occasion, I have thought that it 
would not be inappropriate nor uninteresting to consider the more 
salient features of that Theory, and to mark how much in certain 
departments of inquiry has sprung from the fruitful teaching of its 
author and his associates. 

It was a fundamental doctrine of Hutton and his school that this 
globe has not always worn the aspect which it bears at present; that 
on the contrary, proofs may everywhere be culled that the land which 
we now see has been formed out of the wreck of an olderland. Among 
these proofs, the most obvious are supplied by some of the more 
familiar kinds of rocks, which teach us that, though they are now por- 
tions of the dry land, they were originally sheets of gravel, sand, and 
mud, which had been worn from the face of long-vanished continents, 
and after being spread out over the floor of the sea were consolidated 
into compact stone, and were finally broken up and raised once more 
to form part of the dry land. This cycle of change involved two great 
systems of natural processes. On the one hand, men were taught that 
by the action of running water the materials of the solid land are in a 
state of continual decay and transport to the ocean. On the other 
hand, the ocean floor is liable from time to time to be upheaved by 
some stupendous internal force akin to that which gives rise to the 
voleano and the earthquake. Hutton further perceived that not only 
had the consolidated materials been disrupted and elevated, but that 
masses of molten rock had been thrust upward among them, and had 
cooled and crystallized in large bodies of granite and other eruptive 
rocks which form so prominent a feature on the earth’s surface. 

It was a special characteristic of this philosophical system that it 
sought in the changes now in progress on the earth’s surface an ex- 
planation of those which occurred in older times. Its founder refused 
to invent causes or modes of operation, for those with which he was 
familiar seemed to him adequate to solve the problems with which he 
attempted to deal. Nowhere was the profoundness of his insight more 
astonishing than in the clear, definite way in which he proclaimed and 
reiterated his doctrine, that every part of the surface of the continents, 
from mountain top to seashore, is continually undergoing dec: i, and is 
thus slowly travelling to the sea. He saw that no sooner will the sea 


a 


ete § hey J 


baa \ @ 


GEOLOGICAL CHANGE, AND TIME. Tis 


floor be e1evated into new land than it must necessarily become a prey 
to this universal and unceasing degradation. He perceived that as the 
transport of disintegrated material is carried on chiefly by running 
water, rivers must slowly dig out for themselves the channels in which 
they flow, and thus that a system of valleys, radiating from the water: 
parting of a country, must necessarily result from the descent of the 
streams from the mountain crests to the sea. He discerned that this 
ceaseless and wide-spread decay would eventually lead to the entire 
demolition of the dry land, but he contended that from time to time 
this catastrophe is prevented by the operation of the under-ground 
forces, whereby new continents are upheaved from the bed of the ocean. 
And thus in his system a due proportion is maintained between land 
and water, and the condition of the earth as a habitable globe is pre- 
served. 

A theory of the earth so simple in outline, so bold in conception, so 
full of suggestion, and resting on so broad a base of observation and 
reflection, ought (we might think) to have commanded at once the atten- 
tion of men of science, even if it did not immediately awaken the inter- 
est of the outside world; but, as Playfair sorrowfully admitted, it 
attracted notice only very slowly, and several years elapsed before any 
one showed himself publicly concerned about it, either as an enemy or 
a friend. Some of its earliest critics assailed it for what they asserted 
to be its irreligious tendency,—an accusation which Hutton repudiated 
with mucb warmth. The sneer levelled by Cowper a few years earlier 
at all inquiries into the history of the universe was perfectly natural 
and intelligible from that poet’s point of view. There was then a wide- 
spread belief that this world came into existence some six thousand 
years ago, and that any attempt greatly to increase that antiquity was 
meant as a blow to the authority of Holy Writ. So far however from 
aiming at the overthrow of orthodox beliefs, Hutton evidently regarded 
his “Theory” as an important contribution in aid of natural religion. 
He dwelt with unfeigned pleasure on the multitude of proofs which he 
was able to accumulate of an orderly design in the operations of nature, 
decay and renovation being so nicely balanced as to maintain the hab- 
itable condition of the planet. But as he refused to admit the pre- 
dominance of violent action in terrestrial changes, and on the contrary 
contended for the efficacy of the quiet, continuous processes which we 
can even now see at work around us, he was constrained to require an 
unlimited duration of past time for the production of those revolutions 
of which he perceived such clear and abundant proofs in the crust of 
the earth. The general public, however, failed to comprehend that the 
doctrine of the high antiquity of the globe was not inconsistent with 
the comparatively recent appearance of man,—a distinction which seems 
so obvious now. 

Hutton died in 1797, beloved and regretted by the circle of friends 
who had learned to appreciate his estimable character and to admire his 
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genius, but with little recognition from the world at large. Men knew 
not then that a great master had passed away from their midst, who 
had laid broad and deep the foundations of anew science; that his 
name would become a household word in after generations, and that 
pilgrims would come from distant lands to visit the scenes from which 
he drew his inspiration. 

Many years might have elapsed before Hutton’s teaching met with 
wide acceptance, had its recognition depended solely on the writings of 
the philosopher himself. For, despite his firm grasp of general prin- 
ciples and his mastery of the minutest details, he had acquired a liter- 
ary style which, it must be admitted, was singularly unattractive. 
Fortunately for his fame, as well as for the cause of science, his devoted 
friend and disciple, Playfair, at once set himself to draw up an exposi- 
tion of Hutton’s views. After five years of labor on this task there 
appeared the classic ‘‘ [lustrations of the Huttonian Theory,” a work 
which for luminous treatment and graceful diction stands still without 
a rival in English geological literature. Though professing merely to 
set forth his friend’s doctrines, Playfair’s treatise was in many respects 
an original contribution to science of the highest value. It placed for 
the first time in the clearest light the whole philosophy of Hutton regard- 
ing the history of the earth, and enforced it with a wealth of reasoning 
and copiousness of illustration which obtained for it a wide apprecia- 
ation. From long converse with Hutton, and from profound reflection 
himself, Playfair gained such a comprehension of the whole subject, 
that discarding the non-essential parts of his master’s teaching, he was 
able to give so lucid and accurate an exposition of the general scheme 
of Nature’s operations on the surface of the globe, that with only slight 
corrections and expansions his treatise may serve as a text-book to-day. 
In some respects. indeed, his volume was long in advance of its time. 
Only, for example, within the present generation has the truth of his 
teaching in regard to the origin of valleys been generally admitted. 

Various causes contributed to retard the progress of the Huttonian 
doctrines. Especially potent was the influence of the teaching of Wer- 
ner, who, though he perceived that a definite order of sequence could 
be recognized among the materials of the earth’s crust, had formed 
singularly narrow conceptions of the great processes whereby that 
crust has been built up. His enthusiam, however, fired his disciples 
with the zeal of proselytes, and they spread themselves over Europe to 
preach everywhere the artificial system which they had learned in Sax- 
ony. Byacurioustate Edinburgh became one of the great headquarters 
of Wernerism. The friends and followers of Hutton found themselves 
attacked in their own city by zealots, who proud of superior minera- 
logical acquirements, turned their most cherished ideas upside down 
and assailed them in the uncouth jargon of Freiberg. Inasmuch as 
subterranean heat had been invoked by Hutton as a force largely in- 
strumental in consolidating and upheaving the ancient sediments that 
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now form so great a part of the dry land, his followers vere nicknamed 
Plutonists. On the other hand, as the agency of water was almost 
alone admitted by Werner, who believed the rocks of the earth’s erust 
to have been chiefly chemical precipitates from a primeval universal 
ocean, those who adopted his views received the equally descriptive 
name of Neptunists. The battle of these two contending schools raged 
fiercely here for some years, and though mainly from the youth, zeal, 
and energy of Jameson, and the influence which his position as pro- 
fessor in the university gave him, the Wernerian doctrines continued 
to hold their place they were eventually abandoned even by Jameson 
himself, and the debt due to the memory of Hutton and Playfair was 
tardily acknowledged. 

The pursuits and the quarrels of philosphers have from early times 
been a favorite subject of merriment to the outside world. Such a feud 
as that between the Plutonists and Neptunists would be sure to furnish 
abundant matter for the gratification of this propensity. Turning over 
the pages of Kay’s “ Portraits,” where so much that was distinctive of 
Edinburgh society a hundred years ago is embalmed, we find Hutton’s 
personal peculiarities and pursuits touched off in good-humored carica- 
ture. in one plate he stands with arms folded and hammer in hand, 
meditating on the face of a cliff, from which rocky prominences in 
shape of human faces, perhaps grotesque likenesses of his scientific 
opponents, grin at him. In another engraving he sits in conclave with 
his friend Black, possibly arranging for that famous banquet of garden 
snails which the two worthies had persuaded themselves to look upon 
as a Strangely neglected form of human food. More than a generation 
later, when the Huttonists and Wernerists were at the height of their 
antagonism, the humorous side of the controversy did not escape the 
notice of the author of ‘‘ Waverley,” who, you will remember, when he 
makes Meg Dods recount the various kinds of wise folk brought by 
Lady Penelope Pennfeather from Edinburgh to St. Ronan’s Well, does 
not forget to include those who “rin uphill and down dale, knapping 
the chucky-stanes to pieces wi hammers (like sae mony road-makers 
run daft), to see how the warld was made.” 

Among the names of the friends and followers of Hutton there is one 
which on this occasion deserves to be held in especial honor, that of 
Sir James Hall, of Dunglass. Having accompanied Hutton in some 
of his excursions, aud having discussed with him the problems pre- 
sented by the rocks of Scotland, Hall was familiar with the views of 
his master, and was able to supply him with fresh illustrations of them 
from different parts of the country. Gifted with remarkable originality 
and ingenuity, he soon perceived that some of the questions involved 
in the theory of the earth could probably be solved by direct physical 
experiment. Hutton however mistrusted any attempt “to judge of 
the great operations of nature by merely kindling a fire and looking 
into the bottom of a little crucible.” Out of deference to this preju- 
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dice Hall delayed to carry out his intention during Hutton’s lifetime. 
But afterwards he instituted a remarkable series of researches which 
are memorable in the history of science as the first methodical endeavor 
to test the value of geological speculation by an appeal to actual ex- 
periment. The Neptunists, in ridiculing the Huttonian doctrine that 
basalt and similar rocks had once been molten, asserted that, had such 
been their origin, these masses would now be found in the condition of 
glass or slag. Hall however triumphantly vindicated his friend’s view 
by proving that basalt could be fused, and thereafter by slow cooling 
could be made to resume a stony texture. Again, Hutton had asserted 
that under the vast pressures which must be effective deep within the 
earth’s crust, chemical reactions must be powerfully influenced, and 
that under such conditions even limestone may conceivably be melted 
without losing its carbonic acid. Various specious arguments had 
been adduced against this proposition, but by an ingeniously devised 
series of experiments Hall succeeded in converting limestone under 
great pressure into a kind of marble, and even fused it, and found that 
it then acted vigorously on other rocks. These admirable researches, 
which laid the foundations of experimental geology, constitute not the 
least memorable of the services rendered by the Huttonian school to 
the progress of science. 

Clear as was the insight and sagacious the inferences of these great 
masters in regard to the history of the globe, their vision was neces- 
sarily limited by the comparatively narrow range of ascertained fact 
which up to their time had been established. They taught men to 
recognize that the present world is built of the ruins of an earlier one, 
and they explained with admirable perspicacity the operation of the 
processes whereby the degradation and renovation of land are brought 
about. But they never dreamed that a long and orderly series of such 
successive destructions and renewals had taken place and had left 
their records in the crust of the earth. They never imagined that from 
these records it would be possible to establish a determinate chro- 
nology that could be read everywhere and applied to the elucidation 
of the remotest quarter of the globe. It was by the memorable obser- 
vations and generalizations of William Smith that this vast extension 
of our knowledge of the past history of the earth became possible. 
While the Scottish philosophers were building up their theory here, 
Smith was quietly ascertaining by extended journeys that the stratified 
rocks of the west of England occur in a definite sequence, and that 
each well-marked group of them can be discriminated from the others 
and identified across the country by means of its inelosed organic 
remains. Itis nearly a hundred years since he made known his views, 
so that by a curious coincidence we may fitly celebrate on this oceasion 
the centenary of William Smith as well as that of James Hutton. No 
single discovery has ever had a more momentous and far-reaching in- 
fluence on the progress of a science than that law of organic succession 
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which Smith established. At first it served merely to determine the 
order of the stratified rocks of England. But it soon proved to possess 
a world-wide value, for it was found to furnish the key to the struc- 
ture of the whole stratified crust of the earth. It showed that within 
that crust lie the chronicles of a long history of plant and animal life 
upon this planet, it supplied the means of arranging the materials for 
this history in true chronological sequence, and it thus opened out a 
magnificent vista through a yast series of ages, each marked by its 
own distinctive types of organic life, which, in proportion to their an- 
tiquity, departed more and more from the aspect of the living world. 

Thus a hundred years ago, by the brilliant theory of Hutton and the 
fruitful generalization of Smith, the study of the earth received in our 
country the impetus which has given birth to the modern science of 
geology. 

To review the marvellous progress which this science has made dur- 
ing the first century of its existence would require not one, but many, 
hours for adequate treatment. The march of discovery has advanced 
along a multitude of different paths, and the domains of nature which 
have been included within the growing territories of human knowledge 
have been many and ample. Nevertheless, there are certain depart- 
ments of investigation to which we may profitably restrict our atten- 
tion on the present occasion, aud wherein we may see how the leading 
principles that were proclaimed in this city a hundred years ago have 
germinated and borne fruit all over the world. 

From the earliest times the natural features of the earth’s surface 
have arrested the attention of mankind. The rugged mountain, the 
cleft ravine, the scarped cliff, the solitary bowlder, have stimulated 
curiosity and prompted many a speculation as to their origin. The 
shells embedded by millions in the solid rocks of hills far removed from 
the seas have still further pressed home these “obstinate questionings.” 
But for many long centuries the advauce of inquiry into such matters 
was arrested by the paramount influence of orthodox theology. It was 
not merely that the church opposed itself to the simple and obvious in- 
terpretation of these natural phenomena. So implicit had faith become 
in the accepted views of the earth’s age and of the history of creation, 
that even laymen of intelligence and learning set themselves unbidden 
and in perfect good faith to explain away the difficulties which nature 
so persistently raised up, and to reconcile her teachings with those of 
the theologians. In the various theories thus originating, the amount 
of knowledge of natural law usually stood in inverse ratio to the share 
played in them by an uncontrolled imagination. The speculations, for 
example, of Burnet, Whiston, Whitehurst, and others in this country, 
can not be read now without a smile. In no sense were they scientific 
researches; they can only be looked upon as exercitations of learned 
ignorance. Springing mainly out of a laudable desire to promote what 
was believed to be the cause of true religion, they helped to retard 
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inquiry, and exercised in that respect a baneful influence on intellectual 
progress. 

It is the special glory of the Edinburgh school of geology to have 
cast aside all this fanciful trifling. Hutton boldly proclaimed that it 
was no part of his philosophy to account for the beginning of things. 
His concern lay only with the evidence furnished by the earth itself as 
to its origin. With the intuition of true genius he early perceived that 
the only solid basis from which to explore what has taken place in 
bygone time is a knowledge of what is taking place to-day. He thus 
founded his system upon a careful study of the processes whereby geo- 
logical changes are now brought about. He felt assured that Nature 
must be consistent and uniform in her working, and that only in pro- 
portion as her operations at the present time are watched and under- 
stood will the ancient history of the earth become intelligible. Thus, 
in his hands, the investigation of the Present became the key to the 
interpretation of the Past. The establishment of this great truth was 
the first step towards the inauguration of a true science of the earth. 
The doctrine of the uniformity of causation in Nature became the 
fruitful principle on which the structure of modern geology could be 
built up. 

Fresh life was now breathed into the study of the earth. A new 
spirit seemed to animate the advance along every pathway of inquiry. 
Facts that had long been familiar came to possess a wider and deeper 
meaning when their connection with each other was recognized as parts 
of one great harmonious system of continuous change. In no depart- 
ment of Nature, for example, was this broader vision more remarkably 
displayed than in that wherein the circulation of water between land 
and sea plays the most conspicuous part. From the earliest times men 
had watched the coming of clouds, the fall of rain, the flow of rivers, 
and had recognized that on this nicely adjusted machinery the beauty 
and fertility of the land depend. But they now learned that this 
beauty and fertility involve a continual decay of the terrestrial surface ; 
that the soil is a measure of this decay, and would cease to afford us 
maintenance were it not continually removed and renewed; that 
through the ceaseless transport of soil by rivers to the sea the face of 
the land is slowly lowered in level and carved into mountain and valley, 
and that the materials thus borne outwards to the floor of the ocean 
are not lost, but accumulate there to form rocks, which in the end will 
be upraised into new lands. Decay and renovation, in well-balanced 
proportions, were thus shown to be the system on which the existence 
of the earth as a habitable globe had been established. It was impos- 
sible to conceive that the economy of the planet could be maintained 
on any other basis. Without the circulation of water the life of plants 
and animals would be impossible, and with that circulation the decay 
of the surface of the land and the renovation of its disintegrated mate- 
rials are necessarily involved. 
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As it is now, so must it have been in past time. Hutton and Play- 
fair pointed to the stratified rocks of the earth’s erust as demonstra- 
tions that the same processes which are at work to-day have been in 
operation from a remote antiquity. By thus placing their theory on a 
basis of actual observation, and providing in the study of existing 
operations a guide to the interpretation of those in past times, they 
rescued the investigation of the history of the earth from the specula- 
tions of theologians and cosmologists, and established a place for it 
among the recognized inductive sciences. To the guiding influence of 
their philosophical system the prodigious strides made by modern 
geology are in large measure to be attributed. And here in their own 
city, after the lapse of a hundred years, let us offer to their memory 
the grateful homage of all who have profited by their labors. 

But while we recognize with admiration the far-reaching influence of 
the doctrine of uniformity of causation in the investigation of the his- 
tory of the earth, we must upon reflection admit that the doctrine has 
been pushed to an extreme perhaps not contemplated by its original 
founders. To take the existing conditions of Nature as a platform of 
actual knowledge from which to start in, an inquiry into former condi- 
tions was logical and prudent. Obviously, however, human experience, 
in the few centuries during which attention has been turned to such 
subjects, has been too brief to warrant any dogmatic assumption that 
the various natural processes must have been carried on in the past 
with the same energy and at the same rate as they are carried on now. 
Variations in energy might have been legitimately conceded as possi- 
ble, though not to be allowed without reasonable proof in their favor. 
It was right to refuse to admit the operation of speculative causes of 
change when the phenomena were capable of natural and adequate 
explanation by reference to causes that can be watched and investi- 
gated. But it was an error to take for granted that no other kind of 
process or ffifluence, nor any variation in the rate of activity save those 
of which man has had actual cognizance, has played a part in the ter- 
restrial economy. The uniformitarian writers laid themselves open to 
the charge of maintaining a kind of perpetual motion in the machinery 
of Nature. They could find in the records of the earth’s history no 
evidence of a beginning, no prospect of an end. They saw that many 
successive renovations and destructions had been effected on the 
earth’s surface, and that this long line of vicissitudes formed a series 
of which the earliest were lost in antiquity, while the latest were still 
in progress towards an apparently illimitable future. 

The discoveries of William Smith, had they been adequately under- 
stood, would have been seen to offer a corrective to this rigidly uni- 
formitarian conception, for they revealed that the crust of the earth 
contains the long record of an unmistakable order of progression in 
organic types. They proved that plants and animals have varied 
widely in successive periods of the earth’s history; the present con- 
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dition of organic life being only the latest phase of a long preceding 
series, each stage of which recedes further from the existing aspect of 
things as we trace it backward into the past. And though no relic 
had yet been found, or indeed was ever likely to be found, of the first 
living things that appeared upon the earth’s surface, the manifest sim- 
plification of types in the older formations pointed irresistibly to some 
beginning from which the long procession has taken its start. If then 
it could thus be demonstrated that there had been upon the globe an 
orderly march of living forms from the lowliest grades in early times 
to man himself to-day, and thus that in one department of her domain, 
extending through the greater portion of the records of the earth’s his- 
tory, Nature had not been uniform, but had followed a vast and noble 
plan of evolution, surely it might have been expected that those who 
discovered and made known this plan would seek to ascertain whether 
some analogous physical progression from a definite beginning might 
not be discernible in the framework of the globe itself. 

But the early masters of the science labored under two great disad- 
vantages. In the first place, they found the oldest records of the earth’s 
history so broken up and effaced as to be no longer legible. And in 
the second place, they lived under the spell of that strong reaction 
against speculation which followed the bitter controversy between. the 
Neptunists and Plutonists in the earlier decades of the century. They 
considered themselves bound to search for facts, not to build up theories; 
and as in the crust of the earth they could find no facts which threw 
any light upon the primeval constitution and subsequent development 
of our pianet, they shut their ears to any theoretical interpretations 
that might be offered from other departments of science. It was 
enough for them to maintain, as Hutton had done, that in the visible 
structure of the earth itself no trace can be found of the beginning of 
things, and that the oldest terrestrial records reveal no physical con- 
ditions essentially different from those in which we still live. They 
doubtless listened with interest to the speculations of Kant, Laplace, 
and Herschel on the probable evolution of nebule, suns, and planets, 
but it was with the languid interest attaching to ideas that lay outside 
of their own domain of research. They recognized no practical con- 


nection between such speculatious and the data furnished by the earth: 


itself as to its own history and progress. 


This curious lethargy with respect to theory on the part of men who 
were popularly regarded as among the most speculative followers of 
science would probably not have been speedily dispelled by any dis- 
covery made within their own field of observation. Even now, after 
many years of the most diligent research, the first chapters of our 
planet’s history remain undiscovered or undecipherable. On the great 
terrestrial palimpsest the earliest inscriptions seem to have been hope- 
lessly effaced by those of later ages. But the question of the prim- 
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eval condition and subsequent history of the planet might be consid- 
ered from the side of astronomy and physics. And it was by investi- 
gations of this nature that the geological torpor was eventually dissi- 
pated. To our illustrious former president, Lord Kelvin, who occupied 
this chair when the association last met in’ Edinburgh, is mainly due 
the rousing of attention to this subject. By the most convincing argu- 
ments he showed how impossible it was to believe in the extreme doc- 
trine of uniformitarianism. And though, owing to uncertainty in re- 
gard to some of the data, wide limits of time were postulated by him, 
he insisted that within these limits the whole evolution of the earth 
and its inhabitants must have been comprised. While therefore the 
geological doctrine that the present order of Nature must be our guide 
to the interpretation of the past remained as true and fruitful as- ever, 
it had now to be widened by the reception of evidence furnished by a 
study of the earth as a planetary body. The secular loss of heat, 
which demonstrably takes place both from the earth and the sun, made 
it quite certain that the present could not have been the original con- 
dition of the system. This diminution of temperature with all its con- 
sequences is not a mere matter of speculation, but a physical fact of 
the present time as much as any of the familiar physical agencies 
that affect the surface of the globe. It points with unmistakable di- 
rectness to that beginning of things of which Hutton and his followers 
could find no sign. 

Another modification or enlargement of the uniformitarian doctrine 
was brought about by continued investigation of the terrestrial crust and 
consequent increase of knowledge respecting the history of the earth. 
Though Hutton and Playfair believed in periodical catastrophes, and 
indeed required these to recur in order to renew and preserve the habit- 
able condition of our planet, their successors gradually came to view 
with repugnance any appeal to abnormal, and especially to violent 
manifestations of terrestrial vigor, and even persuaded themselves that 
such slow and comparatively feeble action as had been witnessed by 
man could alone be recognized in the evidence from which geological 
history must be compiled. Well do I remember in my own boyhood 
what a cardinal article of faith this prepossession had become. We 
were taught by our great and honored master, Lyell, to believe im- 
plicitly in gentle and uniform operations, extended over indefinite 
periods of time, though possibly some, with the zeal of partisans, car- 
ried this belief to an extreme which Lyell himself did not approve. 
The most stupendous marks of terrestrial disturbance, such as the 
structure of great mountain chains, were deemed to be more satisfac- 
torily accounted for by slow movements prolonged through indefinite 
ages than by any sudden convulsion. 

What the more extreme members of the uniformitarian school failed 
to perceive was the absence of all evidence that terrestrial catastrophes 
even on a colossal scale might not be a part of the present economy of 
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this globe. Such occurrences might never seriously affect the whole 


earth at one time, and might return at such wide intervals that no ex- 
ample of them has yet been chronicled by man. But that they have 
occurred again and again, and even within comparatively recent geologi- 
cal times, hardly admits of serious doubt. How far at different epochs 
andin various degrees they may have included the operation of cosmi- 
cal influences lying wholly outside the planet, and how far they have re- 
sulted from movements within the body of the planet itself, must remain 
for further inquiry. Yet the admission that they have played a part in 
geological history may be freely made without impairing the real value 
of the Huttonian doctrine, that in the interpretation of this history our 
main guide must be a knowledge of the existing processes of terrestrial 
change. 

As the most recent and best known of these great transformations, the 
Ice Age stands out conspicuously beforeus. If any one sixty years ago 
had ventured to affirm that at no very distant date the snows and 
glaciers of the Arctic regions stretched southwards into France, he 
would have been treated as a mere visionary theorist. Many of the 
facts to which he would have appealed in support of his statement were 
already well known, but they had received various other interpretations. 
By some observers, notably by Hutton’s friend, Sir James Hall, they 
were believed to be due to violent debacles of water that swept over the 
face of the land. By others they were attributed to the strong tides 
and currents of the sea when the land stood ata lower level. The uni- 
formitarian school of Lyell had no difficulty in elevating or depressing 
land to any required extent. Indeed, when we consider how averse 
these philosophers were to admit any kind or degree of natural opera- 
tion other than those of which there was some human experience, we 
may well wonder at the boldness with which, on sometimes the slender- 
est evidence, they made land and sea change places, on the one hand 
submerging mountain ranges and on the other placing great barriers of 
land where a deep ocean rolls. They took such liberties with geogra- 
phy because only well-established processes of change were invoked in 
the operations. Knowing that during the passage of an earthquake a 
territory bordering the sea may be upraised or sunk a few feet, they 
drew the sweeping inference that any amount of upheaval or depression 
of any part of the earth’s surface might be claimed in explanation of 
geological problems. The progress of inquiry, while it has somewhat 
curtailed this geographical license, has now made known in great detail 
the strange story of the Ice Age. 

There can not be any doubt that after man had become a denizen of 
the earth, a great physical change came over the Northern hemisphere. 
The climate, which had previously been so mild that evergreen trees 
flourished within ten or twelve degrees of the north pole, now became so 
severe that vast sheets of snow and ice covered the north of Europe and 
crept southward beyond the south coast of Ireland, almost as far as the 
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southern shores of England, and across the Baltic into France and Ger- 
many. This Arctic transformation was not an episode that lasted merely 
a few seasons, and left the land to resume thereafter its ancient aspect. 
With various successive fluctuations it must have endured for many 
thousands of years. When it began te disappear it probably faded 
away as‘slowly and imperceptibly as it had advanced, and when it 
finally vanished it left Europe and North America profoundly changed 
in the character alike of their scenery and of their inhabitants. The 
rugged rocky contours of earlier times were ground smooth and_ pol- 
ished by the march of the ice across them, while the lower grounds were 
buried under wide and thick sheets of clay, gravel, and sand, left be- 
hind by the melting ice. The varied and abundant flora which had 
spread so far within the Arctic circle was driven away into more 
southern and less ungenial climes. But most memorable of all was 
the extirpation of the prominent large animals which, before the ad- 
vent of the ice, had roamed over Europe. The lions, hyenas, wild 
horses, hippopotamuses, and other creatures either became entirely ex- 
tinct or were driven into the Mediterranean basin and into Africa. In 
their place caine northern forms—the reindeer, glutton, musk ox, woolly 
rhinoceros, and mammoth. 

Such a marvellous transformation in climate, in scenery, in vegetation 
and in inhabitants, within what was after all but a brief portion of geo- 
logical time, though it may have involved no sudden or violent convul- 
sion, is surely entitled to rank as a catastrophe in the history of the 
globe. It was probably brought about mainly if not entirely by the 
operation of forces external to the earth. No similar calamity having 
befallen the continents within the time during which man has been 
recording his experience, the Ice Age might be cited as a contradiction 
to the doctrine of uniformity. And yet it manifestly arrived as part of 
the established order of Nature. Whether or not we grant that other 
ice ages préceded the last great one, we must admit that the conditions 
under which it arose, so far as we know them, might conceivably have 
occurred before and may occur again. The various agencies called 
into play by the extensive refrigeration of the northern hemisphere 
were not different from those with which we are familiar. Snow fell 
and glaciers crept as they do to-day. Ice scored and polished rocks 
exactly as it still does among the Alps and in Norway. There was 
nothing abnormal in the phenomena, save the scale on which they 
were manifested. And thus, taking a broad view of the whole subject, 
we recognize the catastrophe, while at the same time we see in its prog- 
ress the operation of those same natural processes which we know to 
be integral parts of the machinery whereby the surface of the earth is 
continually transformed. 


Among the debts which science owes to the Huttonian school, not 
the least memorable is the promulgation of the first well-founded con- 
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ceptions of the high antiquity of the globe. Some six thousand years 
had previously been believed to comprise the whole life of the planet, 
and indeed of the entire universe. When the curtain was then first 
raised that had veiled the history of the earth, and inen, looking beyond 
the brief span within which they had supposed that history to have 
been transacted, beheld the records of a long vista of ages stretching 
far away into a dim illimitable past, the prospect vividly impressed 
their imagination. Astronomy had made known the immeasurable 
fields of space; the new science of geology seemed now to reveal bound- 
less distances of time. The more the terrestrial chronicles were studied 
the farther could the eye range into an antiquity so vast as to defy all 
attempts to measure or define it. The progress of research continually 
furnished additional evidence of the enormous duration of the ages 
that preceded the coming of man, while, as knowledge increased, periods 
that were thought to have followed each other consecutively were found 
to have been separated by prolonged intervals of time. Thus the idea 
arose and gained universal acceptance that, just as no boundary could be 
set to the astronomer in his free range through space, so the whole of by- 
gone eternity lay open to the requirements of the geologist. Playfair, 
re-echoing and expanding Hutton’s language, had declared that neither 
among the records of the earth, nor in the planetary motions, can any 
trace be discovered of the beginning or of the end of the present order 
of things; that no symptom of infancy or of old age has been allowed 
to appear on the face of nature, nor any sign by which either the past 
or the future duration of the universe can be estimated; and that 
although the Creator may put an end, as he no doubt gave a begin- 
ning, to the present system, such a catastrophe will not be brought 
about by any of the laws now existing, and is not indicated by anything 
which we perceive. This doctrine was naturally espoused with warmth 
by the extreme uniformitarian school, which required an unlimited 
duration of time for the accomplishment of such slow and quiet cycles 
of change as they conceived to be alone recognizable in the records of 
the earth’s past history. 

It was Lord Kelvin, who, in the writings to which I have already 
referred, first called attention to the fundamentally erroneous nature 
of these conceptions. He pointed out that from the high internal tem- 
perature of our globe, increasing inwards as it does, and from the rate 
of loss of its heat, a limit may be fixed to the planet’s antiquity. He 
showed that so far from there being no sign of a beginning, and no 
prospect of an end, to the present economy, every lineament of the 
solar system bears witness toa gradual dissipation of energy from some 
definite starting point. No very precise data were then, or indeed are 
now, available for computing the interval which has elapsed since that 
remote commencement, but he estimated that the surface of the globe 
could not have consolidated less than twenty millions of years ago, for 
the rate of increase of temperature inwards would in that case have 
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been higher than it actually is; nor more than four hundred millions of 
years ago, for then there would have been no sensible increase at all. He 
was inclined, when first dealing with the subject, to believe that from 
a review of all the evidence then available, some such period as one 
hundred millions of years would embrace the whole geological history 
of the globe. 

It is not a pleasant experience to discover that a fortune which one 
has unconcernedly believed to be ample has somehow taken to itself 
wings and disappeared. When the geologist was suddenly awakened 
by the energetic warning of the physicist, who assured him that he had 
enormously overdrawn his account with past time, it was but natural 
under the circumstances that he should think the accountant to be mis- 
taken, who thus returned to him dishonored the large drafts he had 
made on eternity. He saw how wide were the limits of time deducible 
from physical considerations, how vague the data from which they had 
been calculated. And though he could not help admitting that a limit 
must be fixed beyond which his chronology could not be extended, he 
consoled himself with the reflection that after all a hundred millions of 
years was a tolerably ample period of time, and might possibly have 
been quite sufficient for the transaction of all the prolonged sequence 
of events recorded in the crust of the earth. He was therefore dis- 
posed to acquiesce in the limitation thus imposed upon geological his- 
tory. 

But physical inquiry continued to be pushed forward with regard to 
the early history and antiquity of the earth. Further consideration of 
the influence of tidal friction in retarding the earth’s rotation, and of 
the sun’s rate of cooling, led to sweeping reductions of the time allow- 
able for the evolution of the planet. The geologist found himself in 
the plight of Lear when his bodyguard of 100 knights was cut down. 
‘What need you five-and-twenty, ten or five?” demands the inex- 
orable physicist, as he remorselessly strikes slice after slice from his 
allowance of geological time. Lord Kelvin is willing, I believe, to grant 
us some twenty millions of years, but Professor Tait would have us 
content with less than ten millions. > 

In scientific as in other mundane questions there may often be two 
sides, and the truth may ultimately be found not to lie wholly with 
either. I frankly confess that the demands of the early geologists. for 
an unlimited series of ages were extravagant, and even, for their own 
purposes, unnecessary, and that the physicist did good service in re- 
ducing them. It may also be freely admitted that the latest conclu- 
sions from physical considerations of the extent of geological time re- 
quire that the interpretation given to the record of the rocks should 
be rigorously revised, with the view of ascertaining how far that inter- 
pretation may be capable of modification or amendment. But we must 
also remember that the geological recorc constitutes a voluminous body 
of evidence regarding the earth’s history which can not be ignored, and 
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must be explained in accordance with ascertained natural laws. If the 
conclusions derived from the most careful study of this record can not 
be reconciled with those drawn from physical considerations, it is surely 
not too much to ask that the latter should be alsorevised. It has been 
well said that the mathematical mill is an admirable piece of machinery, 
but that the value of what it yields depends upon the quality of what 
is put into it. That there must be some flaw in the physical argument 
I can, for my own part, hardly doubt, though I do not pretend to be 
able to say where it is tobe found. Some assumption, it seems to me, 
has been made, or some consideration has been left out of sight, which 
will eventually be seen to vitiate the conclusions, and which when duly 
taken into account will allow time enough for any reasonable interpre- 
tation of the geological record. 

In problems of this nature, where geological data capable of nu- 
merical statement are so needful, it is hardly possible to obtain trust- 
worthy computations of time. Wecan only measure the rate of changes 
in progress now, and infer from these changes the length of time re- 
quired for the completion of results achieved by the same processes in 
the past. There is fortunately one great cycle of movement which ad- 
mits of careful investigation, and which has been made to furnish val- 
uable materials for estimates of this kind. The universal degradation 
of the land, so notable a characteristic of the earth’s surface, has been 
regarded as an extremely slow process. Though it goes on without 
ceasing, yet from century to century it seems to leave hardly any per- 
ceptible trace on the landscapes of a country. Mountains and plains, 
hills and valleys appear to wear the same familiar aspect which is 
indicated in the oldest pages of history. This obvious slowness in one 
of the most important departments of geological activity doubtless 
contributed in large measure to form and foster a vague belief in the 
vastness of the antiquity required for the evolution of the earth. 

But, as geologists eventually came to perceive, the rate of degrada- 
tion of the land is capable of actual measurement. The amount of 
material worn away from the surface of any drainage basin and carried 
in the form of mud, sand, or gravel, by the main river into the sea 
represents the extent to which that surface has been lowered by waste 
in any given period of time. But denudation and deposition must be 
equivalent to each other. As much material must be laid down in sed- 
imentary accumulations as has been mechanically removed, so that in 
measuring the annual bulk of sediment borne into the sea by a river, 
we obtain a clue not only to the rate of denudation of the land, but also 
to the rate at which the deposition of new sedimentary formations takes 
place. 

As might be expected, the activities involved in the lowering of the 
surface of the land are not everywhere equally energetic. They are 
naturally more vigorous where the rainfall is heavy, where the daily 
range of temperature 1s large, and where frosts are severe, Hence they 
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are obviously much more effective in mountainous regions than on plains; 
and their results must constantly vary, not only in different basins 
of drainage, but even, and sometimes widely, within the same basin. 
Actual measurement of the proportion of sediment in river water 
shows that while in some cases the lowering of the surface of the land 
may be as much as 7,5 of a foot in a year, in others it falls as low 
aS gsoo- In other words, the rate of deposition of new sedimentary 
formations, over an area of sea floor equivalent to that which has 
yielded the sediment, may vary from one foot in seven hundred and 
thirty years to one foot in six thousand eight hundred years. 

Ifnow we take these results and apply them as measures of the lengt.. 
of time required for the deposition of the various sedimentary masses 
that form the outer part of the earth’s crust, we obtain some indiéation 
of the duration of geological history. On a reasonable computation 
these stratified masses, where most fully developed, attain a united 
thickness of not less than 109,000 feet. If they were all laid down at 
the most rapid recorded rate of denudation, they would require a 
period of seventy-three millions of years for their completion. If they 
were laid down at the slowest rate they would demand a period of not 
less than six hundred and eighty millions. 

But it may be argued that all kinds of terrestrial energy are grow- 
ing feeble, that the most active denudation now in progress is much 
less vigorous-than that of bygone ages, and hence that the stratified 
part of the earth’s crust may have been put together in a much brieter 
space of time than modern events might lead us to suppose. Such 
arguments are easily adduced and look sufficiently specious, but no 
confirmation of them can be gathered from therocks. On the contrary, 
no one can thoughtfully study the various systems of stratified forma- 
tions without being impressed by the fullness of their evidence that, on 
the whole, the accumulation of sediment has been extremely slow. 
Again and again we encounter groups of strata composed of thin paper- 
like lamine of the finest silt, which evidently settled down quietly and 
at intervals on the sea bottom. We find successive layers covered 
with ripple-marks and sun-eracks, and we recognize in them memorials 
of ancient shores where sand and mud tranquilly gathered as they do 
in sheltered estuaries at the present day. We can see no proof what- 
ever—unor even any evidence which suggests—that on the whole the rate 
of waste and sedimentation was more rapid during Mesozoic and Pale- 
ozoic time than it is to-day. Had there been any marked difference in 
this rate from ancient 10 modern times, it would be incredible that no 
clear proof of it should have been recorded in the crust of the earth. 

But in actual fact. the testimony in favor of the slow accumulation 
and high antiquity of the geological record is much stronger than night 
be inferred from the mere thickness of the stratified formations. These 
sedimentary deposits have not been laid down in one unbroken sequence, 
but have had their continuity interrupted again and again by upheaval 
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and depression. So fragmentary are they in some regions that we can 
easily demonstrate the length of time represented there by still exist- 
ing sedimentary strata to be vastly less than the time indicated by the 
gaps in the series. 

There is yet a further and impressive body of evidence furnished by 
the suecessive races of plants and animals which have lived upon the 
earth and have left their remains sealed up within its rocky crust. No 
one now believes in the exploded doctrine that successive creations and 
universal destructions of organic life are chronicled in the stratified 
rocks. It is everywhere admitted that, from the remotest times up to 
the present day, there has been an onward march of development, type 
succeeding type in one long continuous progression. As to the rate of 
this evolution precise data are wanting. There is however the im- 
portant negative argument furnished by the absence of evidence of 
recognizable specific variations of organic forms since man began to 
observe and record. We know that within human experience a few 
species have become extinct, but there is no conclusive proof that a 
single new species have come into existence, nor are appreciable 
variations readily apparent in forms that live in a wild state. The 
seeds and plants found with Egyptian mummies, and the flowers and 
fruits depicted on Egyptian tombs, are easily identified with the vege- 
tation of modern Egypt. The embalmed bodies of animals found in 
that country show no sensible divergence from the structure or propor- 
tions of the same animals at the present day. The human races of 
Northern Africa and Western Asia were already as distinet when por- 
trayed by the ancient Egyptian artists as they are now, and they do 
not seem to have undergone any perceptible change since then. Thus 
a lapse of four or five thousand years has not been accompanied by any 
recognizable variation in such forms of plant and animal life as can be 
tendered in evidence. Absence of sensible change in these instances 
is, of course, no proof that considerable alteration may not have been 
accomplished in other forms more exposed to vicissitudes of climate 
and other external infiuences. But it furnishes at least a presumption 
in favor of the extremely tardy progress of organic variation. 

If however we extend our vision beyond the narrow range of human 
history, and look at the remains of the plants and animals preserved in 
those younger formations which, though recent when regarded as parts 
of the whole geological record, must be many thousands of years older 
than the very oldest of human monuments, we encounter the most im- 
pressive proofs of the persistence of specific forms. Shells which lived 
in our seas before the coming of the Ice age present the very same 
peculiarities of form, structure, and ornament which their descendants 
still possess. The lapse of so enormous an interval of time has not 
sufficed seriously to modify them. So too with the plants and the 
higher animals which still survive. Some forms have become extinet, 
but few or none which remain display any transitional gradations into 
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new species. We must admit that such transitions have occurred, that 
indeed they have been in progress ever since organized existence began 
upon our planet, and are doubtless taking place now. But we can not 
detect them on the way, and we feel constrained to believe that their 
march must be excessively slow. 

There is no reason to think that the rate of organic evolution has 
ever seriously varied; at least no proof has been adduced of such va- 
riation. Taken in connection with the testimony of the sedimentary 
rocks, the inferences deducible from fossils entirely bear out the opinion 
that the building up of the stratified crust of the earth has been ex- 
tremely gradual. Ifthe many thousands of years which have elapsed 
since the Ice age have produced no appreciable modification of sur- 
viving plants and animals, how vast a period must have been required 
for that marvellous scheme of organic development which is chronicled 
in the rocks! : 

After careful reflection on the subject, I affirm that the geological 
record furnishes a mass of evidence which no arguments drawn from 
other departments of nature can explain away, and which, it seems to 
me, can not be satisfactorily interpreted save with an allowance of time 
much beyond the narrow limits which recent physical speculation would 
concede. 


I have reserved for final consideration a branch of the history of the 
earth which, while it has become, within the lifetime of the present 
generation, one of tle most interesting and fascinating departments of 
geological inquiry, owed its first impulse to the far-seeing intellects of 
Hutton and Playfair. With the penetration of genius these illustrious 
teachers perceived that if the broad masses of land and the great 
chains of mountains owe their origin to stupendous movements which 
from time to time have convulsed the earth, their details of contour 
must be mainly due to the eroding power of running water. They 
recognized that as the surface of the land is continually worn down, it 
is essentially by a process of sculpture that the physiognomy of every 
country has been developed, valleys being hollowed out and hills left 
standing, and that these inequalities in topographical detail are only 
varying and local accidents in the progress of the one great process of 
the degredation of the land. 

From the broad and guiding outlines of theory thus sketched we 
have now advanced amid ever-widening multiplicity of detail into a 
fuller and nobler conception of the origin of scenery. The law of evo- 
lution is written as legibly on the landscapes of the earth as on any 
other page of the book of nature. Not only do we recognize that the 
existing topography of the continents, instead of being primeval in 
origin, has gradually been developed after many precedent mutations, 
but we are enabled to trace these earlier revolutions in the structure 
of every hill and glen. Each mountain chain is thus found to be a 
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memorial of many successive stages in geographical evolution. Within 
certain limits land and sea have changed places again and again. 
Voleanoes have broken out and have become extinct in many countries 
long before the advent of man. Whole tribes of plants and animals 
have meanwhile come and gone, and in leaving their remains behind them 
as monuments at once of the slow development of organic types, and 
of the prolonged vicissitudes of the terrestrial surface, have furnished 
materials for a chronological arrangement of the earth’s topographical 
features. Nor is it only from the organisms of former epochs that 
broad generalizations may be drawn regarding revolutions in geog-  — 
raphy. The living plants and animals of to-day have been discovered 
to be eloquent of ancient geographical features that have long since 
vanished.. In their distribution they tell us that climates have changed; 
that islands have been disjoined from continents; that oceans once 
united have been divided from each other, or once separate haye now 
been joined; that some tracts of land have disappeared, while others 
for prolonged periods of time have remained in isolation. The pres- 
ent and the past are thus linked together, not merely by dead matter, 
but by the world of living things, into one vast system of continuous 
progression. 

In this marvellous increase of knowledge regarding the transforma- 
tions of the earth’s surface, one of the most impressive features, to my 
mind, is the power now given to us of perceiving the many striking 
contrasts between the present and former aspects of topography and 
scenery. We seem to be endowed with a new sense. What is seen by 
the bodily eye—mountain, valley, or plain—serves but as a veil, beyond 
which, as we raise it, visions of long-lost Jands and seas rise before us 
in a far-retreating vista. Pictures of the most diverse and opposite 
character are beheld, as it were, through each other, their lineaments 
subtly interwoven, and even their most vivid contrasts subdued into 
one blended harmony. Like the poet, ‘* we see, but not by sight alone ;” 
and the ‘tray of fancy” which, as a sunbeam, lightened up his land- 
scape, is for us broadened and brightened by that play of the imagina- 
tion which science can so vividly excite and proleng. 

Admirable illustrations of this modern interpretation of scenery are 
supplied by the district wherein we are now assembled. On every side 
of us rise the most convincing proofs of the reality and poteney of that 
ceaseless sculpture by which the elements of landscape have been carved 
into their present shapes. Turn where we may, our eyes rest on hills 
that project above the lowland, not because they have been upheaved 
into these positions, but because their stubborn materials have enabled 
them better to withstand the degradation which has worn down the 
softer strata into the plains around them. Inch by inch the surface of 
the land has been lowered, and each hard rock suecessively laid bare has 
communicated its own characteristics of form and color to the scenery. 
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{f, standing on the Castle Rock, the central and oldest. site in Edin- 
burgh, we allow the bodily eye to wander over the fair landscape, and 
the mental vision to range through the long vista of earlier landscapes 
which science here reveals to us, what a strange series of pictures passes 
before our gaze! The busy streets of to-day seem to fade away into the 
mingled copsewood and forest of pre-historic time. Lakes that have long 
since vanished gleam through the woodlands, and a rude canoe pushing 
from the shore startles the red deer that had come to drink. While we 
look, the picture changes to a polar scene, with bushes of stunted Arctic 
willow and birch, among which herds of reindeer browse and the huge 
mammoth makes hishome. Thick sheets of snow are draped all over the 
hilJs around, and far to the northwest the distant gleam of glaciers and 
snowfields marks the line of the Highland mountains. As we muse on 
this strange contrast to the living world of to-day the scene appears to 
grow more Arctic in aspect, until every hill is buried under one vast 
sheet of ice, 2,000 feet or more in thickness, which fills up the whole 
midland valley of Scotland and creeps slowly eastward into the basin of 
the North Sea. Here the curtain drops upon our moving pageant, for 
in the geological record of this part of the country an enormous gap 
occurs before the coming of the Ice Age. 

When once more the spectacle resumes its movement the scene is 
found to have utterly changed. The familiar hills and valleys of the 
Lothians have disappeared. Dense jungles of a strange vegetation— 
tallreeds, club-mosses, and tree-ferns—spread over the streaming swamps 
that stretch for leagues in all directions. Broad lagoons and open seas 
are dotted with little volcanic cones which throw out their streams of 
lava and showers of ashes. Beyond these, in dimmer outline and older in 
date, we descry a wide lake or inland sea, covering the whole midland 
valley and marked with long lines of active voleanoes, some of them sev- 
eral thousand feetin height. And still furtherand fainter over the same 
region, we may catch a glimpse of that still earlier expanse of sea which 
in Silurian times overspread most of Britian. But beyond this scene our 
vision fails. We have reached the limit across which no geological 
evidence exists to lead the imagination into the primeval darkness 
beyond. 

Such in brietest outline is the succession of mental pictures which 
modern science enables us to frame out of the landscapes around Edin- 
burgh. They may be taken as illustrations of what may be drawn, and 
sometimes with even greater fulness and vividness, from any district in 
these islands. But I cite them especially because of their local interest 
in connection with the present meeting of the Association, aud because 
the rocks that yield them gave inspiration to those great masters whose 
claims on our recollection, not least for their explanation of the origin 
of scenery, I have tried to recount this evening. 
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GEOLOGICAL HISTORY OF THE YELLOWSTONE 
NATIONAL PARK.* 


By ARNOLD HAGUE, 


U.S. Geological Survey. 


In the short time allotted to me I can only hope to present a brief 
sketch of the main geological features of the country which you are 
about to visit. My remarks must, of necessity, be more or less incom- 
plete, as my desire is not so much to elucidate any special problem 
connected with the many interesting geological questions to be found 
here, but rather to offer such a general view of the region as will 
enable you, during your five days’ trip through the Park, to understand 
clearly something of its physical geography and geology. 

The Yellowstone Park is situated in the extreme northwestern por- 
tion of the Territory of Wyoming. Its boundaries, as determined by 
the original act of Congress setting apart the Park, are very ill- 
defined. At the time of the enactment of the law establishing this 
national reservation, the region had been but little explored, and its 
relation to the physical features of the adjacent country was but little 
understood. Since that time, surveys have shown that only a narrow 
strip, about 2 miles in width, was situated in the Territory of Mon- 
tana, but it was also found that a still narrower strip extended west- 
ward into the Territory of Idaho. The question of properly establish- 
ing the boundaries, based upon our present knowledge of the country, 
is now before Congress, and an act has already passed the Senate, pro- 
posing to make the northern boundary coincide with the boundary 
between Wyoming and Montana, and the western boundary coincide 
with the Wyoming and Idaho line. The act under consideration 
extends the southern boundary of the Park to the 44th parallel of lati- 
tude, carrying the area of the reservation southward 95 miles. The 
eastern boundary is made to coincide with the meridian of 109° 30’, 
adding a strip of country about 243 miles in width along the entire 
eastern side of the Park. 

The area of the Park, as at present defined, is somewhat more than 
3,300 palate: males and the Bigposed addition increases the reservation 
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by nearly 2,000 square miles. The Park plateau, with the adjacent 
mountains, presents a sharply defined region, in strong contrast with 
the rest of the northern Rocky Mountains. It stands out boldly by 
itself, unique in topographical structure, and complete as a geological 
problem. 

The central portion of the Yellowstone Park is, essentially, a broad, 
elevated, voleanic plateau, between 7,000 and 8,500 feet above sea-level, 
and with an average elevation of about 8,000 feet. Surrounding it on 
the south, east, north, and northwest, are mountain ranges with eulmi- 
nating peaks and ridges rising from 2,000 to 4,000 feet above the 
general level of the inclosed table-land. 

For present purposes it is needless to confine ourselves strictly to 
legal boundaries, but rather to consider the entire region in its broader 
physical features. It is worthy of note, however, that by the proposed 
enlargement the protected area will agree closely with the geographical 
province. 

South of the Park, the Tetons stand out prominently above the sur- 
rounding country, the highest, grandest peaks inthe northern Rocky 
Mountains. The eastern face of this mountain mass rises with un- 
rivalled boldness for nearly 7,000 feet above Jackson Lake. North- 
ward, the ridges fall away abruptly beneath the lavas of the Park, only 
the outlying spurs coming within the limits of the reservation. For the 
most part the mountains are made up of coarse crystalline gneisses and 
schists, probably of Archean age, flanked on the northern spurs by up- 
turned Paleozoic strata. 

To the east, across the broad valley of the Upper Snake, generally 
known as Jackson Basin, lies the well-knowa Wind River Range, 
famous from the earliest days of the Rocky Mountain trappers. The 
Northern end of this range is largely composed of Mesozoic strata, 
single ridges of Cretaceous sandstone penetrating still farther north- 
ward into the regions of the Park, and protruding above the great 
flows of lava. 

Along the entire eastern side of the Park stretches the Absaroka 
Range—so-called from the Indian name of the Crow Nation. The 
Absaroka Range is intimately connected with the Wind River, the two 
being so closely related that any line of separation must be drawn 
more or less arbitrarily, based more upon geological structures and 
forms of erosion than upon physical limitations. 

The Absarokas offer, for more than 80 miles, a bold, unbroken bar- 
rier to all western progress; a rough, rugged country, dominated by 
high peaks and crags from 10,000 to 11,000 feet in height. Only a 
few adventurous hunters and mountaineers cross the range by one or 
two dangerous, precipitous trails known to but few. The early trap- 
pers found it a forbidding land; prospectors who followed them, a 
barren one. 

At the northeast corner of the Park a confused mass of mountains 
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connects the Absarokas with the Snowy Range. This Snowy Range 
shuts in the Park on the north, and is an equally rough region of coun- 
try, with elevated mountain masses covered with snow the greater part 
ot the year, as the name would indicate. Only the southern slopes, 
which rim in the Park region, come within the limit of our investiga- 
tion. Here the rocks are mainly granites, gneisses, and schists, the 
sedimentary beds, for the most part, referable to the pre-Cambrian 
series. 

The Gallatin Range incloses the Park on the north and northwest. 
It lies directly west of the Snowy, only separated by the broad valley 
of the Yellowstone River. It is a range of great beauty, of diversified 
forms, and varied geological problems. Electric Peak, in the extreme 
northwestern corner of the Park, is the culminating point in the range, 
and affords one of the most extended views to be found in this part of 
the country. Archean gneisses form a prominent mass in the range, 
over which occur a series of sandstones, limestones, and shales, of Pale- 
ozoic and Mesozoic age, representing Cambrian, Silurian, Devonian, 
Carboniferous, Trias, Jura, and Cretaceous. Immediately associated 
with these sedimentary beds, are large masses of intrusive rocks, 
which have played an important part in bringing about the present 
structural features of the range. They are all of the andesitic type, 
but showing considerable range in mineral composition, including 
pyroxene, hornblende, and hornblende-mica varieties. These intrusive 
masses are found in narrow dikes, in immense interbedded sheets 
forced between the different strata, and as laccolites, a mode of occur- 
rence first described from the Henry Mountains in Utah, by Mr. G. K. 
Gilbert, but now well recognized elsewhere in the northern Cordillera. 

We see then that the Absarokas rise as a formidable barrier on the 
eastern side of the Park, the Gallatins as a steep mural face on the 
west side, while the other ranges terminate abruptly, rimming in the 
Park on the*north and south, and leaving a depressed region not unlike 
the parks of Colorado, only covering a more extended area with a rela- 
tively deeper basin. The region has been one of profound dynamic 
action, and the center of mountain building on a grand scale. On the 
accompanying map of the Yellowstone Park, which shows the position 
of the principal objects of interest, the relations of the ranges to the 
plateau are clearly indicated. 

It is not my purpose at the present time to enter upon the details of 
geological structure of these ranges, each offering its own special study 
and field of investigation. My desire is simply to call your attention 
to their general features and mutual relations. So far as their age is 
concerned, evidence goes to show that the action of upheaval was con- 
temporaneous in all of them, and coincident with the powerful dy- 
namic movements which uplifted the north and south ranges, stretch- 
ing across Colorado, Wyoming, and Montana. This dynamic move- 
ment blocked out, for the most part, the Rocky Mountains, near the 
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close of the Cretaceous, although there is good reason to believe that 

in this region profound faulting and displacement continued the work 

of mountain building well into the Middle Tertiary period. 
Throughout Tertiary timein the Park area, geological history was char- 
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acterized by great volcanic activity, enormous volumes of erupted mate- 
rial being poured out in the Eocene and Middle Tertiary, continuin g with 
less force through the Pliocene, and extending into Quaternary time. 
Within very recent times there is no evidence of any considerable out- 
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burst; indeed the region may be considered long since extinct. These 
voleanic rocks present a wide range in chemical and mineral composi- 
tion and physical structure. They may all however be classed under 
three great groups—andesites, rhyolites, and basalts—following each 
other in the order named. In some instances, eruptions of basalt oe- 
curred before the complete extinction of rhyolite, but in general, the 
relative age of each group is clearly and sharply defined, the distribu- 
tion and mode of occurrence of each presenting characteristics and 
salient features frequently marked by periods of erosion. 

Andesites are the only volcanic rocks which have played an impor- 
tant part in producing the present structural features of the moun- 
tains surrounding the Park. As already mentioned, they occur in 
large masses in the Gallatin range, while most of the culminating 
peaks in the Absarokas are composed of compact andesites and ande- 
sitic breccias. On the other hand, the andesites are not confined to the 
mountains, but played an active role in filling up the interior basin. - 
That the duration of the andesitic eruptions was long continued, is 
made evident by the plant-remains found in ash and lava beds through 
2,000 feet of volcanic material. The plants have as yet been too little 
studied to define positively their geological horizons. It is quite pos- 
sible that they may indicate marked differences of climate between the 
lower and upper beds. 

In early Tertiary times, a voleano burst forth in the northeast cor- 
ner of the depressed area encircled by the Park Mountains, not far 
from the junction of the Absaroka and Snowy ranges. While not to 
to be compared in size and grandeur with the volcanoes of California 
and the Cascade Range, it is, for the Rocky Mountains, one of no mean 
proportions. It rises from a base about 6,500 feet above sea-level, the 
culminating peak attaining an elevation of 10,000 feet. This gives a 
height to the volcano of 3,500 feet from base to summit, measuring from 
the Archeap rocks of the Yellowstone Valley to the top of Mount Wash- 
burne. The average height of the crater rim is about 9,000 feet above 
sea level, the voleano measuring 15 miles across the base. The erup- 
tive origin of Mount Washburne has long been recognized, and it is 
frequently referred to as a voleano. It is however simply the highest 
peak among several others, and represents a later outburst which de- 
stroyed in ameasure the original rim and form of the older crater. The 
eruptions for the most part were basic andesites. Erosion has so worn 
away the earlier rocks, and enormous masses of more recent lavas 
have so obscured the original form of lava-flows, that it is not easy for 
an inexperienced eye to recognize a volcano and the surrounding peaks 
as the more elevated points in a grand crater wall. By following 
around on the ancient andesitic rim, and studying the outline of the 
old crater, together with the composition of its lavas, its true origin 
and history may readily be made out. This older crater has as yet 
received no special designation, but when our maps and reports are 
finally published, this ancient geological ruin will receive an appropriate 
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designation. This old volcano of early Tertiary time oceupies a prom- 
inent place in the geological development of the Park, and dates back 
to the earliest outbursts of lava which have in this region changed a 
depressed basin into an elevated plateau. We have here a volcano 
situated far inland, in an elevated region, in the heart of the Rocky 
Mountains. It lies on the eastern side of the continent, only a few 
miles from the great continental divide which sends its waters to both 
the Atlantic and Pacific. 

After the dying out of the andesitic lavas, followed by a period of 
erosion, immense volumes of rhyolite were erupted, which not only 
threatened to fill up the crater but to bury the outer walls of the vol- 
eano. On all sides the andesitic slopes were submerged beneath the 
rhyolite to a height of from 8,000 to 8,500 feet. This enormeus mass 
of rhyolite, poured out after the close of the andesitic period, did more 
than anything else to bring about the present physical features of the 
Park table-land. <A tourist making the customary trip through the 
Park, visiting all the prominent geyser basins, hot springs, and the 
Grand Cation and Falls of the Yellowstone, is not likely to come upon 
any other rock than rhyolite, excepting, of course, deposits from the 
hot springs. If he extended his journey to the lake region, taking in 
Shoshone, Lewis, and Yellowstone lakes, and spending a week or ten 
days going over the beaten routes of travel, he will not, unless he as- 
cends Mount Washburne, leave the rhyolite lavas. A description of 
the rhyolite region is essentially one of the Park plateau. Taking the 
bottom of the basin at 6,500 feet above sea level, these acidic lavas 
were piled up until the accumulated mass measured 2,000 feet in thick- 
ness. It completely encircled the Gallatin Range, burying its lower 
slopes on both the east and west sides; it banked up all along the west 
flanks of the Absarokas, and buried the outlying spurs of the Teton 
and Wind River ranges. 

The Park Plateau covers an area approximately 50 by 40 miles, with 
a mean altitude of 8,000 feet. it is accidented by undulating basins of 
varied outline and scored by deep canyons and gorges. Strictly speak- 


ing it is not a plateau; at least it is by no means a level area, but arug- | 


ged country, characterized by bold escarpments and abrupt edges of 
mesa-like ridges. But few large vents or centers of volcanic activity 
for the rhyolite have been recognized, the two principal sources being 
the volcano to which reference has already been made, and Mount 
Sheridan in the southern end of the Park. Mount Sheridan is the 
most commanding peak on the plateau, with an elevation 10,200 feet 
above sea level and 2,600 feet above Heart Lake. From the summit of the 
peak ona clear day one may overlook the entire plateau country and the 
mountains which shut it in, while almost at the base of the peak lie the 
magnificent lakes which add so much to the quiet beauty of the region, in 
contrast with the rugged scenery of the mountains. From no point is the 
magnitude and grandeur of the voleanic region soimpressive. The lava- 
flows-—-bounded on the east by the Absarokas—extend westward not 
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only across the park, but across the Madison Plateau, and out on to the 
great plains Snake of River, stretching far westward almost without'a 
break in the continuity of the eruptive flows. Over the central portion of 
the park,wheie the ryholites are thickest, erosion has failed to penetrateto 
theunderlying rock. Even such deep gorgesas the Yellowstone, Gibbon, 
and Madison Cations have nowhere worn through these rhyolite flows. 
In the Grand Cation of the Yellowstone the andesitic breccias are found 
beneath the rhyolites, but the deepest cuts fail to reveal the underly- 
ing sedimentary beds. Although the rocks of the plateau for the most 
part belong to one group of acidic lavas, they by no means present the 
great uniformity and monotony in field appearance that might be ex- 
pected. These 2,000 square miles offer as grand a field for the study of 
structural forms, development of crystallization, and mode of occurrence 
of acidic lavas as could well be found anywhere in the world. They 
vary from a nearly holocrystalline rock to one of pure volcanic glass. 
Obsidian, pumice, pitchstone, ash, breccia, and an endless development 
of transition forms alternate with the more compact lithoidal lavas 
which make up the great mass of the rhyolite, and which in colors, 
texture, and structural developments present an equally varied aspect. 
In mineral composition these rock are simple enough. The essential 
minerals are orthoclase and quartz, with more or less plagioclase. 
Sanidine is the prevailing feldspar, although in many cases plagioclase 
forms occur nearly as abundantly as orthoclase. Chemical analyses, 
whether we consider the rocks from the crater of Mount Sheridan, the 
summit of the plateau, or the volcanic glass of the world-renowned 
Obsidian Cliff, present comparatively slight differences in ultimate com- 
position. 

The following analyses of two rocks, representing extreme forms in 
physical habit, show how closely they approach each other in composi- 
tion of the original magma: 
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The rock from Madison Plateau was collected on the north side of 
Madison Canyon and was selected asa typical rock covering large areas 
of the Park. It is purplish-gray in color, rough in texture, porphy- 
ritie in structure, and characterized by well-developed sanidin and 
quartz. The obsidian, from Obsidian Cliff, is an excellent example of 
pure volcanic glass, wholly devoid of porphyritie crystals. In general 
the investigations of the laboratory confirm the observations of the. 
field geologist, that the differences exhibited by the voleanic product are 
not of chemical or mineral composition, but rather of physical con- 
ditions under which the magma has cooled. 

I have dwelt somewhat in detail upon the nature of these rocks for 
two reasons: First, because of the diitieulty met with by the scientific 
traveller in recognizing the uniformity and simplicity of chemical com- 
position of the rhyolite magma over the entire plateau, owing to its 
great diversity in superficial habit; second, on account of their geolog- 
ical importance in connection with the unrivalled display of the gey- 
sers and hot springs. That the energy of the steam and thermal 
waters dates well back into the period of voleanic action, there is in 
my opinion very little reason to doubt. As the energy of this under- 
ground heat is to-day one of the most impressive features of the 
country, I will defer commenting upon the geysers and hot springs 
until speaking of the present condition of the Park. 

Although the rhyolite eruptions were probably of long duration and 
died out slowly, there is, I think, evidence to show that they occupied 
a clearly and sharply defined period between the andesites and basalt 
eruptions. Since the outpouring of this enormous body of rhyolite 
and building up of the plateau the region has undergone profound 
faulting and displacement, lifting up bodily immense blocks of lava 
and modifying the surface features of the country. Following the rhy- 
olite came the period of basalt eruptions, which, in comparison with 
the andesite and rhyolite eras, was, so far as the Park was con- 
cerned, insignificant, both as regards the area covered by the basalt 
and its influence in modifying the physical aspect of the region. The 
basalt occurs as thin sheets overlying the rhyolite and in some 
instances as dikes cutting the more acidic rocks. It has broken out 
near the outer edge of the rhyolite body and oceurs most frequently 
along the Yellowstone Valley, along the western foothills of the Gal- 
latin Range and Madison Plateau, and again to the southward of the 
Falls River basin. 

After the greater part of the basalt had been poured out came the 
glacial ice, which widened and deepened the pre-existing drainage 
channels, cut profound gorges through the rhyolite lavas and modelled 
the two voleanos into their present form. Over the greater part of the 
Cordillera of the central and northern Rocky Mountains wherever the 
peaks attain a sufficiently high altitude to attract the moisture-laden 
clouds evidences of the former existence of local glaciers are to be 
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found. In the Teton Range several well-defined characteristic glaciers 
still exist upon the abrupt slopes of Mount Hayden and Mount Moran. 
They are the remnants of a much larger system of glaciers. The Park 
region presents so broad a mass of elevated country that the entire 
plateau was, in glacial times, covered with a heavy capping of ice. 
Evidences of glacial action are everywhere to be seen. 

' Over the Absaroka Range glaciers were forced down into the Lamar 
and Yellowstone valleys, thence westward over the top of Mount Evarts 
to the Mammoth Hot Springs Basin. On the opposite side of the Park 
the ice from the summit of the Gallatin Range moved eastward across 
Swan Valley and passing over the top of Terrace Mountain joined the 
ice field coming from the east. The united ice sheet plowed its way 
northward dewn the valley of the Gardiner to the Lower Yellowstone, 
where the broad valley may be seen strewn with the material trans- 
ported from both the east and west rims of the Park. 

Since the dying out of the rhyolite eruptions erosion has greatly 
modified the entire surface features of the Park. Some idea of the ex- 
tent of this action may be realized when it is recalled that the deep 
canons of the Yellowstone, Gibbon and Madison rivers—ecafions in the 
strictest use of the word—have all been carved out since that time. 
To-day these gorges measure several miles in length and from 1,000 to 
1,500 feet in depth. 

To the geologist one of the most impressive objects on the Park 
plateau is a transported bowlder of granite which rests directly upon 
the rhyolite near the brink of the Grand Cafion, about 3 miles below the 
Falls of the Yellowstone. It stands alonein the forest, miles from the 
nearest glacial bowlder. Glacial detritus carrying granitic material 
may be traced upon both sides of the canon wall, but not a fragment 
of rock more than a few inches in diameter, older than the recent lavas, 
has been recognized within a radius of many miles. This massive 
block, althow’gh irregular in shape and somewhat pointed toward the 
top, measures 24 feet in length by 20 feet in breadth and stands 18 feet 
above the base. The nearest point from which it could have been trans- 
ported is distant 30 or 40 miles. Coming upon it in the solitude of the 
forest with all its strange surroundings it tells amost impressive story. 
In no place are the evidences of frost and fire brought so forcibly to- 
gether as in the Yellowstone National Park. 

Since the close of the ice period no geological events of any moment 
have brought about any changes in the physical history of the region 
other than those produced by the direct action of steam and thermal 
waters. A few insignificant eruptions have probably occurred, but 
they failed to modify the broad outlines of topographical structure and 
present but little of general interest beyond the evidence of the con- 
tinuance of voleanic action into quaternary times. Volcanic activity 
in the Park may be considered as long since extinct. At all events in- 
dications of fresh lava-flows within historical times are wholly want- 
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ing. This is not without interest, as evidence of under-ground heat 
may be observed everywhere throughout the Park in the waters of the 
geysers and hot springs. All our observations point in one direction 
and lead to the theory that the cause of the high temperatures of these 
waters must be found in the heated rocks below, and that the origin of 
the heat is insome way associated with the source of volcanic energy. It 
by no means follows that the waters themselves are derived from any 
deep-seated source; on the contrary, investigation tends to show that 
the waters brought up by the geysers and hot springs are mainly sur- 
face waters which have percolated downward a sufficient distance to 
become heated by large volumes of steam ascending through fissures 
and vents from much greater depths. If this theory is the correct one 
it is but fair to demand that evidence of long-continued action of hot 
waters and super-heated steam should be apparent upon the rocks 
through which they passed on their way to the surface. This is pre- 
cisely what one sees in innumerable places on the Park plateau. In- 
deed, the decomposition of the lavas of the rhyolite plateau have pro- 
ceeded on a most gigantic scale, and could only have taken place after 
the lapse of an enormous period of time and the giving off of vast 
quantities of heat, if we are tojudge at all by what we see going on 
around us to-day. The ascending currents of steam and hot water 
have been powerful geological agents, and have left an indelible im- 
pression upon the surface of the county. The most striking example 
of this action is found in the Grand Cafion of the Yellowstone. From 
the lower falls for 3 miles down the river abrupt walls upon both 
sides of the canon, a thousand feet in depth, present a brillianey and 
mingling of color beyond the power of description. From the brink of 
the canon to the water’s edge the walls are sheer bodies of decomposed 
rhyolite. Varied hues of orange, red, purple, and sulphur-yellow are 
irregularly blended in one confused mass. There is scarcely a piece of 
unaltered rock in place. Much of it is changed into kaolin; but from 
rhyolite, still easily recognized, occur transition products of every pos- 
sible kind to good procelain clay. This is the result of the long-con- 
tinued action of steam and vapors upon the rhyolite lavas. Through 
this mass of decomposed rhyolite the course of ancient steam vents in 
their upward passage may still be traced, while at the bottom of the 
cation hot springs, fumaroles, and steam vents are still more or less 
active, but probably with diminished power. 

It is needless to weary you with the details of this decomposition, 
but I may add that investigations in the laboratory upon these tran- 
sition products fully substantiate field observations. 

Still other areas are quite as convincing, if not on so grand a scale, 
as the Yellowstone Caion. Joseph’s Coat Basin, on the east side of 
the canon, and Brimstone Hills, on the east side of the Yellowstone 
Lake, an exteusive area on the slopes of the Absaroka Range, both 
present evidences of the same chemical processes brought about in the 
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x same manner. It is not Stating it too strongly to say that the plateau on 
e the east side of the Grand Canon, from Broad Creek to Pelican Creek, 


_ is completely undermined by the action of super-heated steam and 


alkaline waters on the rhyolite lava. Similar processes may be seen 
going on to-day in all the geyser basins. To accomplish these changes 
a long period of time must have been required. The study of com- 
paratively fresh vents shows almost no change from year to year, al- 
though careful scrutiny during a period of five years detects a certain 
amount of disintegration, but infinitely small in comparison with the 
great bodies of altered rock. This is well shown in a locality like the 
Monarch Geyser in the Norris Geyser Basin, where the water is thrown 
out at regular intervals through a narrow fissure in the rock. 

The Grand Canon of the Yellowstone offers one of the most impres- 
sive examples of erosion on a grand scale within recent geological 
times. It is self-evident that the deep cation must be of much later 
origin than the rock through which it has been worn, and it seems 
quite clear that the course and outlines of the cation were in great part 
determined by the easily eroded decomposed material forming the 
canon walls, and this in turn was brought about by the slow processes 
just described. 

The evidence of the antiquity of the hot spring deposits is, perhaps, 
shown in an equally striking manner and by a wholly different proc- 
ess of geological reasoning. Terrace Mountain is an outlying ridge of 
the rhyolite plateau just west of the Mammoth Hot Springs. It is 
covered on the summit with thick beds of travertine, among the oldest 
portions of the Mammoth Hot Springs deposits. It is the mode of 
occurrence of these calcareous deposits from the hot waters which 
has given the name to the mountain. Lying upon the surface of 
this travertine on the top of the mountain are found glacial bowlders 
brought from the summit of the Gallatin Range, fifteen miles away, 
and transported on the ice sheet across Swan Valley and deposited 
on the top of the mountain, 700 feet above the intervening valley. It 
offers the strongest possible evidence that the travertine is older than 
the glacier which has strewn the country with transported material. 
How much travertine was croded by the ice is, of course, impossible to 
say, but so friable a material would yield readily to glacial movement. 

Still another method of arriving at the great antiquity of the thermal 
energy and theage of the hot spring formation is by determining the 
rate of deposition and measuring the thickness of the accumulated 
sinter. ‘This method, although the one which would perhaps first sug- 
gest itself, is in my opinion by no means as Satisfactory as the geo- 
logical reasoning already given. It is unsatisfactory because no uni- 
form rate of deposition can be ascertained for even a single area, like 
the Upper Geyser Basin, and it is still more difficult to arrive at any 
conclusion as to the growth of the sinter in the past. Moreover, it is 
quite possible that heavy deposits may have suffered erosion before the 
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present sinter was laid down. It however corroborates other meth- 
ods and possesses the advantage of being a direct way. 

It may be well to add here that there exists the greatest contrast 
between the deposits of the Mammoth Hot Springs and those found 
upon the plateau. At the Mammoth Springs they are nearly pure 
travertine, with only a trace of silica, analyses showing from)o to 99 
per cent of calcium carbonate. On the plateau, the deposits consist 
for the most part of siliceous sinter, locally termed “geyserite.” The 
reason for the difference is this: At the Mammoth Hot Springs the 
steam, although ascending from fissures in the igneous rock, comes in 
coutact with the waters found in the Mesozoic strata, which here form 
the surface rocks. The Jura or Cretaceous limestones have furnished 
the lime held in solution and precipitated on the surface as travertine. 
On the other hand, the mineral constituents of the plateau waters are 
derived almost exclusively from the highly acidic lavas, which, as it 
will be seen by reference to the analyses, carry but a small amount of 
lime. 

Deposition of sinter from the hot waters of the geyser basins de- 
pends in a great measure on the amount of silica held in solution, 
which varies considerably at the different localities and may have 
varied still more in past time. The silica, as determined by analyses, 
ranges from .22 to .60 grammes per kilogramme of water, the former 
being the amount found in the water of the caldron of the Excelsior 
Geyser and the latter at the Coral Spring in the Norris Basin. Analysis 
shows that from one-fifth to one-third of the mineral matter held in so- 
lution consists of silica, the remaining constituents being readily solu 
ble salts carried off by surface drainage. A few springs highly charged 
with silica, like the Coral, deposit if on the cooling of the waters; but 
such springs however are exceptional, and I do not recall a single in- 
stance of a spring in the Upper Geyser Basin precipitating silica in this 
way. At most springs and geysers it results only after evaporation, 
and not from mere cooling of the water. It seems probable that the 
nature and amount of alkaline chlorides and carbonates present influ- 
ence the separation of silica, Temperature also may in some degree 
influence the deposition. My friend, Mr. Elwood Hofer, one of the best 
guides to this region and a keen observer of nature, has called my 
attention to an observation of his made in mid-winter, while on one of 
his snow-shoe trips through the Park. He noticed that certain over- 
flow pools of spring water, upon being frozen, deposited a considerable 
amount of mineral matter. He has sent me specimens of this material, 
which, upon examination, proved to be identical with the silica depos- 
ited from the Coial Spring upon thecoolingof the water. Demijohns of 
geyser water which have been standing for one or two years have failed 
to precipitate any silica. Quite recently, in experimenting upon these 
waters in the laboratory, it was noticed that on reducing them nearly 
to the freezing point no change took place, but upon freezing the waters 
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there was an abundant separation of free silica. The waters frozen in 
this way were collected from the Coral Spring, Norris Basin, and the 
Taurus Geyser, Shoshone Basin. 

Again, there is no doubt that the algous growths found flourishing 
in the hot waters of the Park favor the secretion of silica and exert an 
influence in building up the geyserite far greater than one would at 
first be led to suppose. These low forms of vegetable life occur in 
nearly all pools, springs, and running waters, up to a temperature of 
185° F. (only 13° below the boiling point), at the Upper Geyser Basin. 
If time permitted, much might be said on this subject. I will only add 
that Mr. Walter H. Weed, in connection with his other «duties on the 
Geological Survey, has devoted much time to a study of these algous 
growths, and the results of his investigations will form an important 
chapter in the final publications. 

Several methods have been devised for ascertaining the growth of 
deposition of the geyserite. One way is by allowing the water to 
trickle over twigs, dried grasses, or almost anything exposing consid- 
erable surface, and noting the amount of incrustation. This way 
gives the most rapid results, but is far from satisfactory and by no 
means reproduces the conditions existing in nature. Other methods 
employed are placing objects on the surface of the water or, still 
better, partially submerging them in the hot pools, or again by allow- 
ing the water to run down an inclined plane with frequent intervals 
for evaporation and concentration, 

The vandals who delight to inscribe their names in public places 
have invaded the geyser basins in large numbers and left their 
addresses upon the geyserite in various places. It is interesting to 
note how quickly these inscriptions become indelible by the deposition 
of the merest film of silica upon the lead-pencil marks, and, at the 
same time, how slowly they build up. Names and dates known to be 
six and tight years old remain perfectly legible, and still retain the 
color and luster of the graphite. That there is some increase in the 
thickness of the incrustation is evident, although it grows with 
incredible slowness. Mr. Weed tells me that he has been able, in at 
least one instance, to chip off this siliceous film and reproduce the 
writing with all its original distinctness, showing conclusively that a 
slow deposition has taken place. Pencil inscriptions upon the sili- 
ceous sinter at Rotomahana Lake, in New Zealand, are said to be 
legible after the lapse of twenty or thirty years. It is easy to see 
that various ingenious devices might be planned to estimate the rate 
of deposition, but in my opinion none of them equal a close study 
of the conditions found in nature, especially where investigations of 
this kind can be watched from year to year. All observations show 
an exceedingly slow building up of the geyserite formation. This is 
well seen in the repair going on where the rims surrounding the hot 
pools have been broken down, and where it might be supposed that 
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the building-wp process was under the most favorable conditions; yet, 
in a number of instances, I ean see no appreciable change in three or 
four years. Re-visiting hot springs in out-of-the-way places atter 
several years’ absence, I am surprised to see that objects that Thad 
noted carefully at the time remain unchanged. Taking the entire 
area of the Upper Geyser Basin covered by sinter, I believe that the 
development of the deposit does not exceed one-thirtieth of an inch a 
year, and this estimate I believe to be much nearer the maximum than 
the minimum rate of growth. The thickness of the geyserite has 
never been ascertained; the greatest thickness measured is 70 feet, 
the depth reached in the conduit of Old Faithful geyser, without 
meeting any obstruction. Supposing the deposit around the Castle 
geyser to have been built up with the same slowness as observed 
to-day, and assuming it to grow at the rate given—one-thirtieth of 
an inch a year—it would require over twenty-five thousand years to 
reach its present development. This gives us a great antiquity for the 
geyserite, but I believe that the deposition of the siliceous sinter in 
the Park has been going on for a still longer period of time. It is 
certain that the decomposition of the rhyolite of the plateau dates 
still further back. 

From a geological point of view, there is abundant evidence that ther- 
mal energy is gradually becoming extinct. Tourists re-visiting the Park 
after an absence of two or three years occasionally allude to the springs 
and geysers as being less active than formerly and as showing indiea- 
tions of rapidly dying out. It is true that slight changes are con- 
stantly taking place, that certain springs become extinct or discharge 
less water, but this action is fully counterbalanced by increased activity 
in other localities. Close examination of the source of the thermal 
waters fails to detect any diminution in the supply. Moreover, it stands 
to reason that if the flow of these waters dated—geologically speaking— 
far back into the past, the few years embraced within the historical 
records of the Park would be unable to indicate any perceptible change 
based upon a gradual diminution of the heat. Accurate descriptions 
of the region go back only to 1871, the year of the first exploration by 
Dr. F. V. Hayden. 

The number of geysers, hot springs, mud-pots, and paint-pots seat- 
tered over the Park exceeds 3,500, and if to these be added the fumaroles 
and solfataras from which issue in the aggregate enormous volumes of 


steam and acid and sulphur vapors, the number of active vents would 


in all probability be doubled. Each one of these vents is a center of 
decomposition of the acid lavas. In the four principal geyser basins the 
geysers in action—or known to have been active within the past sixteen 
years—numbered 84. The following list comprises all the geysers that 
are known in the Norris, Lower, Midway, and Upper Geyser Basins. 
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NORRIS GEYSER BaAsin,—14, 


Arsenic. Fissure, Monarch, Veteran, 
Constant, Growler, Pearl, Vixen. 
Kchinus, Hurricane, Pebble, 
Fearless, Minute, Schlammkessel, 

LOWER GEYSER Basin.—17. 
Bead, Great Fountain, Pink Cone, Surprise, 
Clepsydra, Impulsive, Rosette, White Dome. 
Conch, Jet, Spasin, 
Fountain, Mound, Spray, 
Fitful, Narcissus, Steady, 


Mipway GrEYsER Basin,—4, 


Excelsior, Flood, Rabbitt, Tromp. 
UPPER GEYSER Basin.—49. 
Artemesia, Daisy, Model, Splendid, 
Bee Hive, Fan; Mortar, Sponge, 
Bijou, Giant, Oblong, Spouter, 
Bonita, Giantess, Old Faithful, Sprinkler, 
Brilliant, Grand, Restless, Sprite, 
Bulger, Grotto, Riverside, Tardy, 
Cascade, Infant, Rocket, Three Sisters, 
Castle, Jewel, Saw Mill, Triplets, 
Catfish, Liberty, Sentinel, Turban, 
Churn, Lion, Shell, White. 
Cliff, Lioness, Spasmodic, 
Comet, Mastiff, Spanker, 
Cubs, Midget, Spiteful, 


A comparative study of the analyses of the fresh rhyolite, the vari- 
ous transition-products, and the thermal waters points clearly to the 
fact that the solid contents of these waters are derived for the most 
part from the volcanic rocks of the plateau. During the progress of 
the work of the Geological Survey in the Yellowstone Park there have 
been collected from nearly all the more important localities samples of 
the waters, which have been subjected to searching chemical analyses 
in the laboratory of the Survey, by Messrs. F. A. Gooch and J. E. Whit- 
field; the results of whose work will be published at an early date. 

The following analyses of hot waters from the three principal geyser 
basins serve to show their chemical composition: 
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Constant Geyser. | Hygeia Spring. Old Faithful. 
Grams | Percent | Grams | Fereemt| Grams | oF total 
per kilo | natterin| Bet kilo matter in| P& kilo matter in 
of water. | olution. | of water. | solution. ON EAA solution. 
SiliGa sense oon wisest esestose 0 4685 28°88 0 -2477 20-98 0 3828 | 27°52 
Sip hsacid Gee eereesee sees (0 0923 5-69 | 00196 1°65 | 0 0152 1°09 
Carbonie acid....--=-.---- O-0155 | 0-95 0 2907 24 62 00894 | 6°43 
Boracie Acid 4-2-—-==-- == -- 00317 1:95 | 0:0239 2°02 0:0148 1:07 
ATSeniOUS.ACld --~--05-~-< 0 0018 0-11 | 0 -0034 0°29 0:0021 | 0°15 
Ghiorine eee ee. eens 0 °5740 35°39 | 0°2457 21-06} 0-4391 | 31°57 
(Brow ING skates eae eee } irae silteesseee | DYaCOs Pi oosa wens 0-0034 | 0°25 
Ey aerstlp bees see ees | ANON gh Grace eter None J--2- 222225) 00002 | 0-01 
Oxygen (Dasig)-- ene cee 0 0048 1°14 00-0504 — 4°27 0 -0419 | 3°02 
JON) Wasa eas SOMCOASS IS f ANEYIO) TS abesssSee None geass aes UTDPACGn Whe on=- eicee 
Man canese tess — == =ee = None |.--------- INROINGY lbs tee = cd TPAC Mane ee 
NNT ae oaseedee | 0-0185 | 0-29 | 0-0036 0°31 | 0-0009 | 0-06 
Calerime--- ee ee ae | 070146 | 0-90 0-0064 | 0°54 0 -0015 0-11 | 
Ma on Shine. oon cee 0 “0018 | 0-11 | 0:°0022 | 0-19 | 0-0006 0°04 | 
Potassium Scio Wa SRO S 0 -0745 4°60 0-0154 | 1°30 0°0267 | 1°92 
SOI seassaeeaoee sass 0 °3190 19°67 | 0°2654 22°48 | 0°3666 | 26°36 
j SATE ae eee Seo are 0 0030 0°19 0 -0082 0°27 0 0056 | 0-40 
Ammonium.....--.------- 0 -00127 0-08 | 000021 0-02 | 0-00001 |.......... | 
Eiydie (AGN essen 0-008 TE Ly eee ee RSE Sf se Pag he te Bec 
Caesium i a2aoscsee stent leseseeee de See aetal MER) mecca eas 2h Trace | eS HS 
Rubidinm 2... 6 52./25 sateen eect see ease fesee oe ene pene ee ee eee Trace veeccsec es] 
\ { | 
Rotel 22 e= 22 ee | 1°62207 | 100-00 | 1-18081 | 100-00 | 1°39081 | 100-00 | 
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Constant Geyser, Norris Geyser Basin. Date of collection, September 13, 1885; temperature, 198° 
F,; reaction, slightly acid; specific gravity, 1:0011. 


Hygeia Spring, Lower Geyser Basin. Date of collection, September 11, 1885; temperature, 109° F.; 
reaction, alkaline; specific gravity, 1-0010. 


Ola Faithful Geyser, Upper Geyser Basin. Date of collection, September 1, 1884; temperature, 190° 
F.; reaction, alkaline; specific gravity, 1-00096. 

They are all siliceous alkaline waters holding the same mineral con 
stituents, but in varying quantities. Silica forms the principal deposit 
not only immediately around the springs, but over the entire floor of 
the basins. The carbonates, sulphates, chlorides, and traces of other 
easily soluble salts are carried off in the waters. Oxides of iron and 
manganese and occasionally some calcite occur under certain eondi- 
tions in the cauldrons of the hot springs or immediately around their 
vents. Concentrations from large quantities of these waters fail to 
show the presence of even a trace of copper, silver, tin or other metal. 
Nearly all the waters carry arsenic, the amount present, according to 
Messrs. Gooch and Whitfield, varying from .02 to .25 per cent of the 
mineral matter in solution. 

Among the incrustations found at several of the hot springs and 
geysers is a leek-green amorphous mineral, which proves on investiga- 
tion to be scorodite, a hydrous arseniate of iron. The best occurrence 
observed is at Joseph’s Coat Springs, on the east side of the Grand 
Caton of the Yellowstone, where it occurs as a coating upon the sili- 
ceous sinter lining the cauldron of a boiling spring. Analysis shows 
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a nearly pure scorodite, agreeing closely with the theoretical composi- 
tion: 


LE GTESG ORG IP ee ne a a el Oh gs a a 34, 94 
SEATON 1 eet he RO ee Oey ee aes oe rh bye eet aah 48. 79 
NETTIE Cesena ccs Sa AEs yey eae le  re e  =n 16. 27 

100. 00 


Alteration of the scorodite into limonite takes place readily, which 
in turn undergoes disintegration by the wearing of the water, and is 
mechanically carried away. So far as I know this is the only occur- 
rence where scorodite has been recognized as deposited from the 
waters of thermal springs. Although pure scorodite is only sparingly 
preserved ata few localities in the Yellowstone Park, it is easily recog- 
nized by its characteristic green color, in strong contrast with the 
white geyserite and yellow and red oxides of iron. After a little 
practice the mineral green of scorodite is not easily mistaken for the 
vegetable green of the algeous growths. The latter is associated every- 
where with the hot waters, while the former, an exceedingly rare min- 
eral, is obtained only in small quantities after diligent search. In 
America traces of arsenic have been reported from several springs in 
Virginia, and quite recently sodium arseniate has been detected in the 
hot springs of Ashe County, N. C. Arsenical waters of sufficient 
strength to be beneficial for remedial purposes and not otherwise 
deleterious are of rare occurrence. In France the curative properties 
of arsenical waters have long been recognized, and the famous sani- 
tarium of La Bourboule in the volcanic district of the Auvergne has 
achieved a wide reputation for the efficacy of its waters in certain 
forms of nervous diseases. Hygeia Springs, supplying the batb houses 
at the hotel in the Lower Geyser Basin, carries .3 of a grain of sodium 
arseniate to the gallon. The Yellowstone Park waters, while they 
carry soniewhat less arsenic than those of La Bourboule, greatly excel 
the latter in their enormous overflow. It is stated that the entire 
discharge from the springs of La Bourboule, amounts to 1,500 gallons 
per minute. The amount of hot water brought to the surface by the 
hot springs throughout the park is by no means easily determined, 
although during the progress of our investigations we hope to make 
an approximate estimate. Some idea of the amount of hot water 
brought to the surface and carried off by the great drainage channels 
may be formed at the Midway Basin. According to the most accurate 
measurements which could be made, the discharge from the caldron 
of the Excelsior Geyser into the Firehole River during the past sea- 
son amounted to 4,400 gallons of boiling water per minute, and there 
is no evidence that this amount has varied within the last two or three 
years. The sample of the Excelsior Geyser water collected August 
25, 1884, yielded .19 grains of sodium arseniate to the gallon. It is 
impossible to say as yet what curative properties these park waters 
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may possess in alleviating the ills of mankind. Nothing but an 
extended experience under proper medical supervision can. determine. 
Imay say that no hot springs with which I am acquainted prove So 
delightful for bathing purposes and so agreeable in their action upon 
the skin. 

Changes modifying the surface features of the park in recent times 
are mainly those brought about by the filling up with detrital material 
from the mountains, the valleys and depressions worn out by glacial ice, 
and those produced by the prevailing climatic conditions. Between the 
park country and what is known as the arid regions of the West there 
is the greatest possible contrast. Across the park plateau and the 
Absaroka range the country presents a continuous mountain mass 
75 miles in width, with an average elevation unsurpassed by any area 
of equal extent in the northern Rocky Mountains. It is exceptionally 
situated to collect the moisture-laden clouds, which coming from the 
southwest precipitate immense quantities of snow and rain upon the 
cooled table-land and neighboring mountains. The climate in many 
respects is quite unlike that found in the adjacent country, as is 
shown by the meteorological records, the amount of snow and rainfall 
being higher, and the mean annual temperature lower. Rain storms 
occur frequently throughout the summer, while snow is quite likely to 
fall any time between September and May. Protected by the forests 
the deep snows of winter lie upon the plateau well into mid-summer, 
while at still higher altitudes, in sheltered places, it remains throughout 
the year. By its topographical structure the park is designed by 
nature as @ reservoir for receiving, storing, and distributing an excep- 
tional water supply, unexcelled by any area near the head-waters of the 
great continental rivers. The Continental Divide, separating the 
waters of the Atlantic from those of the Pacific, crosses the park 
plateau from southeast to northwest. On both sides of this divide lie 
several large bodies of water which form so marked a future in the 
scenery of the plateau that the region has been designated the lake 
country of the park. Yellowstone Lake, the largest lake in North 
America at this altitude (7,740 feet) and one of the largest in the world 
at so high an elevation above sea-level, presents a superficial area of 
139 square miles, and a shore-line of nearly 100 miles. From measure- 
ments made near the outlet of the lake in September, 1886, the driest 
period of the year, the discharge was found to be 1,525 cubic feet per 
second, or about 34,000,000 imperial gallons per hour. 

At the same time all the principal lakes and streams in the park 
were carefully gauged. Dr. William Hallock, who undertook this work, 
estimated that the amount of water running into the park and leaving 
it by the Yellowstone, Gallatin, Madison, Snake, and Falls rivers, the 
five main drainage channels, would be equivalent to a stream 5 feet 
deep, 190 feet wide, with a current of 3 miles per hour, and that over 
an area of 4,000 square miles the minimum discharge was equal to 1 
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cubic foot per second per square mile. For the preservation and regu- 
lation of this water supply the forest, which covers the mountains, 
valleys, and table-lands, and everywhere borders upon the lake shores, 
is of inestimable value. Of the present park area about 84 per cent is 
forest-clad, almost wholly made up of coniferous trees. The timber is 
by no means of the finest quality, but for the purpose of water protec. 
tion it meets every possible requirement. Much has been said of late 
years by scientific and experienced persons of the great necessity of 
preserving the forests near the sources of our great rivers. It is mainly 
for the forest protection that the proposed enlargement is demanded 
by the public welfare. In my opinion no region in the Rocky Mouut- 
aims is so admirably adapted for a forest reservation as the Yellowstone 
National Park. * 


SOAPING GEYSERS.* 


By ARNOLD HAGUE, 


U.S. Geological Survey. 


At the Buffalo meeting, October, 1888, Dr. Raymond presented a 
paper entitled “ Soaping Geysers,” in which he called attention to the 
use of soap by tourists to cause eruptions of several of the well-known 
geysers in the Yellowstone Park. Incorporated in this paper appears 
a communication received from me, written from camp in the park, in 
reply to some inquiries on the subject. The letter discussed somewhat 
briefly the means employed by visitors to the park to hasten the erup- 
tions from hot springs and reservoirs of hot water, which remain dor- 
mant for days, or even weeks or months, at a temperature near the 
boiling-point, without any display of geyser-action. As the paper has 
called forth considerable comment, I desire to elucidate one or two 
points in relation to the temperature of the springs, and to answer 
some inquiries about the composition of the thermal waters. 

In the summer of 1885, a Chinaman, employed as a laundryman for 
the accommodation of the tourists at the Upper Geyser Basin, acci- 
dentally discovered, much to his amazement, that soap thrown into the 
spring fvom which he was accustomed to draw his supply of water 
produced an eruption in every way similar to the actual workings of 
a.geyser. Tourists, with limited time at their command, who had 
travelled thousands of miles to look upon the wonders of the Yellow- 
stone, soon fell into the way of coaxing the laundryman’s spring into 
action, to partly compensate them for their sore disappointment in 
witnessing only the periodical eruptions of Old Faithful. Successful 
attempts upon this spring soon led to various endeavors to accelerate 
action in the dormant and more famous geysers. In a short time, so 
popular became the desire to stimulate geysers in this way, that the 
park authorities were compelled to enforce rigidly the rule against 
throwing objects of any kind into the springs. 

In connection with a thorough investigation of the thermal waters 
of the Yellowstone Park and the phenomena of the geyers, I under- 


*Read at New York meeting of the American Institute of Mining Engineers, 
February, 1889. (From Trans. Am. Inst. Mining Engineers.) 
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took a number ot experiments to ascertain the action of soap upon the 
waters and to determine, if possible, those physical conditions of 
yarious pools and reservoirs which permitted the hastening of an erup- 
tion by the employment of any artificial methods. This investigation, 
conducted from time to time, as opportunity offered, throughout the 
tield-season of 1885, included experiments wpon the geysers and hot 
springs of the Upper, Lower, and Norris geyser basins. The results 
proved, beyond all question, that geyser-action could be forced in a 
number of ways, but most conveniently by the application of soap. 
The greater part of the more powerful geysers undergo no perceptible 
change with a moderate use of soap, although several of them may, 
under favorable physical conditions, be thrown at times into violent 
agitation. In most of the experiments, Lewis’s concentrated lye, put 
up in one-half pound cans for laundry purposes, was employed. Each 
package furnished a strong alkali, equivalent to several bars of soap. 
In this form alkali is more easily handled than in bars of soap, more 
especially where it is required to produce a viscous fluid in the larger 
reservoirs; and, in conducting a series of experiments for comparative 
purposes, it seemed best, in most instances, to employ the same agent 
to bring about the desired results. 

Old Faithful, the model geyser of the park, exhibits such marked 
regularity in its workings that attempts to hasten its action appear 
fatile. The interval between eruptions is about sixty-five minutes, 
and rarely exceeds the extreme limits of fifty-seven and seventy-two 
minutes. After an eruption of Old Faithful, the reservoir fills up 
gradually; the water steadily increases in temperature; and conditions 
favorable to another eruption are produced under circumstances pre- 
cisely similar to those which have brought about the displays for the 
past eighteen years, or as far back as we have authentie records. The 
few experiments which have been made upon Old Faithful are énsuffi- 
cient to atford any results bearing on the question; but it seems proba- 
ble that soon after the water attains the necessary temperature an 
eruption takes place. 

Of all the powerful geysers in the park, the Bee-Hive offers the 
most favorable conditions for producing an eruption by artificial means, 
all the more striking because the natural displays are so fitful that 
they can not be predicted with any degree of certainty. Observations, 
extending over a period of several years, have failed to determine any 
established law of periodicity for the Bee-Hive, even for three or four 
consecutive months, although they indicate that some relationship may 
exist between its display and those of the famous Giantess. Frequently 
the Bee-Hive will play several times a day and then become dormant, 
showing no signs of activity for weeks and months, although the water 
may stand above the boiling-point the greater part of the time. The 
name Bee-Hive was suggested by the symmetry of the eone built 
around the vent. It rises about 4 feet above the sloping mound of 
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geyserite, and in cross-section measures about 3 feet at the top, while at 
the bottom of the vone the vent is less than 10 inches in width. From 
the top of this narrow vent it is only possible to sink a weight 17 feet 
before striking a projecting ledge, which interferes with all examina- 
tion of the ground below. The constant boiling and bubbling of the 
water, the irregularity of its action, and the convenient location of the 
geyser, within an easy walk from the hotel, make attempts to acceler- 
ate the eruptions of the Bee-Hive most attractive to tourists. 

In most instances such efforts are futile ; yet success does so fre- 
quently reward the astonished traveller that, unless the geyser were 
carefully watched by the authorities, attempts would be made daily 
throughout the season. If the conditions are favorable to an eruption, 
it usually takes place in from ten to twenty-five minutes after the addi- 
tion of laundry soap or lye. It is doubtful if more than two eruptions 
of the Bee-Hive have ever been produced on the same day by artifi- 
cial means, although I know of no reason, based upon the structure 
of the geyser, why more displays might not be obtained, for the 
reservoir and yent fill up with boiling water very rapidly after each 
eruption. 

Although the Giantess is situated only 400 feet from the Bee- 
Hive, these two differ in surface and under-ground structure and 
mode of action as widely as any two of the more prominent geysers 
of the Park. Around the Giantess no cone or mound has formed. 
The broad basin is only partially rimmed in by a narrow fringe 
of siliceous sinter, rising above and extending out over the deep 
blue water. At the surface this basin measures about 15 to 20 feet 
in width by 20 to 30 feet in length. It has a funnel-shaped caldron, 
30 feet in depth, ending in a vertical vent or neck, 12 feet deep, 
through which a sounding-lead may be dropped into a second reservoir, 
ineeting a projecting ledge or obstruction of some kind, 61 feet below 
the surfate. After an outburst of the Giantess, the basin, which has 
been completely emptied of its water, gradually fills again to the 
top ; and, for days before another eruption, a steady stream of hot 
water overflows the brim. The intervals between the eruptions of the 
Giantess vary from twelve to twenty days, and the displays last sev- 
eral hours, being unsurpassed for violence and grandeur by any geyser 
in the Upper Basin. Artificial means have never been successful in 
bringing this geyser into action, although, for days before an erup- 
tion, it is an easy matter to cause an agitation of the water by throw- 
ing into the basin small pieces of sinter, or to produce a boiling on 
the surface, lasting several minutes, by simply stirring the water with 
a stick. 

The Giant, one of the most violent of the geysers in the Upper 
Basin, more closely resembles the Bee-Hive than any other of those 
along the Firehole River. It has built up a cone 10 feet in height, 
one side of which has been partly broken down by some eruption more 


1 aaty _ 


156 - SOARING GEYSEES. 


violent than any witnessed at the present day. Through this notehed 
side, steam and broken jets of water are constantly emitted ; and on 
this account but little examination has been made of the underground — 
reservoirs and vents. The Giant is fitful in its action, at times playing 
with considerable regularity every fourteen days, and at other times — 
lying dormant fer nearly a year, I have ne positive knowledge that _ 
an eruption of the Giant has ever been produced by any other than — 
natural causes, At the time of my experiments no eruption of the — 4 
Giant had taken place fer several months, although the water wai — 
constantly agitated, so much so that it was quite Iapossible toe exam- 
yne the vent with any satisfactory results. The only effeet produced 
by the application of Iye was additional height te the column of water 
thrown out and a decided increase in the thumping and vielence of 
the boiling. 

In the Lower Basin, the Fountain has been mere carefully stadied 
than the other geysers; and, its action and periodicity of eruptions 
having been fQXirly well ascertained, it afforded the most Averable 
conditions for observing the action ef soap and lye upon the waters. 
Im its general strecture the Fountain belongs to the type of the 
Giantess, having a funnel-shaped ealdron which, long befere an 
eruption, overfiows Into an adjoining basin. At the time of my ex- 
periments upon the Foantain, the intervals between eruptions lasted 
about four hours. This interval allowed suflicient time to note any 
changes which might take place. My own experiments with lye 
yielded no positive results; although it seemed highly probable that 
action might be hastened by the application of soap or lye just befere 
the time for an eruption, or when, for some. cause, the eruption was 
overdue. I preferred to make the attempt to bring about an explesion 
before the usual time, only waiting until the water in the peol had 
nearly reached the boiling-point. All experiments failed. The pre 
vious year, when wishing to produce action for the purpose of photeg- 
raphy, I was enabled to accomplish the desired result by vigorously 
stirring with a slender pole, the water near the tep of the vent con- 
necting with the lower reservoir. In this instance, it should be said, 
the usual interval of time between eruptions had leng since passed; 
the geyser was, so far as time was concerned, a half-hour overdue. 
My opinion now is that the experiments with lye failed because the 
temperature had seareely reached the boiling-point. 

The Monarch, in the Norris Basin, is quite unlike those already 
deseribed. and affords evidence of being a much newer geyser. Itis 
formed by two convergent fissures, on the line of'a narrow seam in the 
rhyolite, probably coming together below the surface. The main vent > 
measures about 20 feet in length and, at the surface, 3 feet in width. 
But slight incrustation is found around the vent, the conditions not 4 
being favorable to deposition. In this narrow fissure the water, which 7 
ordinarily stands about 15 feet below the surface, constantly surges 
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aud boils, except immediately after an eruption. The intervals be- 
tween eruptions vary somewhat from year to year; but at the time of 
these experiments the action was fairly regular, the geyser playing 
every four hours. I was successful in obtaining an eruption quite equal 
to the natural displays, which throw a column of water 59 feet into 
the air. Here at the Monarch there is no surface reservoir, and the 
narrow fissure, filled with loose blocks of rocks around which the 
water is in constant agitation, prevents all measurements of depth. 

The results of the many experiments, not only upon active geysers 
but upon a large number of hot springs, determine fairly well the 
essential conditions which render it possible to bring about geyser 
action by artificial means. Negative results are frequently as valuable 
for this inquiry as experiments yielding imposing displays. 

Outside of a few exceptional instances, which could not be repeated, 
and in which action was probably only anticipated by a few minutes 
in time, geyser eruptions produced by soap or alkali appear to demand 
two essential requirements: First, the surface caldron or reservoir 
should hold but a small amount of water, exposing only a limited area 
to the atmosphere; second, the water should stand at or above the 
boiling point of water for the altitude of the geyser basin above sea 
level. The principal factor which makes it possible to cause an 
eruption artificially is, I think, the super-heated and unstable condi- 
tion of the surface waters. Many of the geysers and hot springs pre- 
sent singular phenomena of pools of water heated above the theoret- 
ical boiling point, and, unless disturbed, frequently remain so for 
many days without exhibiting any signs of ebullition. It may not be 
easy to describe accurately these super-heated waters; but any one 
who has studied the hot springs and pools in the Park and carefully 
noted the temperatures, quickly learns to recognize the peculiar ap- 
pearance of these basins when heated above the boiling point. They 
look as if they were “ready to boil,” except that the surface remaiiis 
placid, only interrupted by numerous steam-bubbles, rising through 
the water from below and bursting quietly upon reaching the surface. 

Marcet, the French physicist, has specially investigated the phenom- 
ena of super-heated waters, aud has succeeded in attaining a tempera- 
ture of 105° ©. before ebullition. Super-heated waters in nature, how- 
ever, appear to have been scarcely recognized, except during the prog- 
ress of the work in the Yellowstone Park, in connection with a study 
of the geysers. The altitudes of the geyser basins above sea-level 
have been ascertained by long series of barometric readings, contin- 
ued through several seasons. Ip conducting a series of observations 
upon the boiling points of the thermal waters in the Park, Dr. Wil- 
liam Hallock, who had charge of this special investigation, deter- 
mined the theoretical boiling-point by noting the mean daily readings 
of the mercurial column. The exact boiling-point of a pure surface- 
water, obtained from a neighboring mountain stream and the boiling- 
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point of the thermal waters from the springs, were determined from 
actual experiments by heating over a fire, employing every possible 
precaution to avoid sources of error. Surface waters and deep-seated 
mineral waters gave the same results, and coincided with the caleu- 
lated boiling-point at this altitude. Hundreds of observations have 
been earefully taken where the waters in the active and running 
springs boiled at temperatures between 198° and 199° F, 

As will be shown later in this paper, the thermal waters are solu_ 
tions of mineral matter too dilute to be affected to any appreciable 
extent as regards their boiling-point by their dissolved contents. The 
theoretical boiling-point for the springs and pools in the Upper Geyser 
Basin may be taken at 92.5° C, (198.5 F.). In many of the large eal- 
drons, where the water remains quiet, a temperature has been recorded 
of 94° ©. (201.2° F.) without the usual phenomena of boiling. This 
gives a body of super-heated water, with a temperature at the surface 
1.5° C, (2.79 F.) above the point necessary to produce explosive action. 
Thermometers plunged into the basins show slightly varying tempera- 
tures, dependent upon their position in the basin. They indicate the 
existente of numerous currents, and a very unstable equilibrium of 
the heated waters, which are liable, under slight changes, to burst 
forth with more or less violence. It is under these conditions that geyser 
action can be accelerated by artificial means. If into one of these 
super-heated basins a handtul of sinter pebbles be thrown, or the sur- 
face of the water be agitated by the rapid motion of a stick or cane, 
or even by lashing with a rope, a liberation of steam ensues. This is 
liable to be followed by a long boiling of water in the pool, which in 
turn may lead to geyser action. There is some reason to believe that, 
atleast in one instance, an eruption has been brought about by a violent 
but temporary gust of wind, which either ruffled the water or disturbed 
the equilibrium of the pool, and changed momentarily the atmospheric 
pressure. 

In [Iceland travellers have long been accustomed to throw into the 
geysers turf and soft earth from the bogs and meadows which abound 
in the neighborhood, the effect produced being much the same as that 
of sinter pebbles and gravel upon the geysers in the National Park. 
So well was this understood that at one time a peasant living near the 
Iceland locality kept a shovel solely for the accommodation of those 
visiting the geysers. 

In my letter to Dr. Raymond I mention the eurious fact that the 
Laundryman’s Spring, now known as the Chinaman, in which geyser 
action May most easily be produced by artificial means, has never been 
regarded by the Geological Survey as anything but a hot spring, and 
no one has ever seen it in action without the application of soap, ex- 
cept in one instance, when it was made to play to a height of 20 feet 
after stirring it vigorously with a pine bough for nearly ten minutes, 
In our records it is simply known as a spring. 
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If soap or lye is thrown into most of the small pools, a viscous fluid 
is formed; and viscosity is, I think, the principal cause in hastening 
geyser action. Viscosity must tend to the retention of steam within 
the basin, and, as in the case of the super-heated waters, where the 
temperature stands at or above the boiling point, explosive liberation 
must follow. All alkaline solutions, whether in the laboratory or. in 
nature, exhibit, by reason of this viscosity, a tendency to bump and 
boil irregularly. Viscosity in these hot springs must also tend to the 
formation of bubbles and foam when the steam rises to the surface, 
and this in turn aids to bring about the explosive action, followed by a 
relief of pressure, and thus to hasten the final and more powerful dis- 
play. Of course relief of pressure of the superincumbent waters upon 
the column of water below the surface basin is essential to all eruptive 
action. These conditions, it seems to me, are purely physical. Un- 
doubtedly the fatty substances contained in soap aid the alkali in ren- 
dering the water viscous. On the other hand, when concentrated lye 
is used it acts with greater energy aud furnishes a viscous fluid, where 
soap would yield only surface suds insufficient to accomplish any phe- 
nomenal display. 

It is well known that saturated solutions of mineral substances 
raise the boiling-point very considerably, the temperature having been 
determined for many of the alkaline salts. In general, I believe the 
boiling-point increases in proportion to the amount of salt held in solu- 
tion. Actual tests have shown that the normal boiling-point of sili- 
ceous waters in the Park does not differ appreciably from the ordinary 
surface waters, mainly, I suppose, because they are extremely dilute 
solutions. 

The amount of lye required to produce a sufficiently viscous condi- 
tion of the waters increases but slightly the percentage of mineral 
matter held in solution. 

All the waters of the principal geyser basins present the closest 
resemblance in chemical composition, and, for the purposes of this 
paper, may be considered as identical in their constituents. They have 
a common origin, being, for the most part, surface waters which have 
percolated downward for a sufficient distance to come in contact with 
large volumes of steam ascending from still greater depths. The min- 
eral contents of the hot springs are mainly derived from the acid lavas 
of the Park plateau, as the result of the action of the ascending steam 
and super-heated waters upon the rocks below. These thermal waters 
are essentially siliceous alkaline water, carrying the same constituents 
in somewhat varying quantities, but always dilute solutions, never ex- 
ceeding two grams of mineral matter per kilogram of water. When 
cold they are potable waters, for the most part slightly alkaline to the 
taste, and probably wholesome enough, unless taken daily for a long 
period of time. 

The following analyses of three geyser waters, selected from the 
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The differences of temperature shown im these three waiers are 
simply due to the varying interval between the time of collection and _ 
the last preceding eruptied ef the ceyser. Te the ease of the Fountain, — 
the water rises in a hrge open basin. which Slowly Gls up. increasing 
im temperature until the time of the eruptien, the form of the bana per 
mitting the cullection of the water twe or three hours befere the next 
eatbarst. In the case of the Fearless the surface remerveir Ba 
saacer-shaped basin. inte which the water seldom rises befare aitaining 
a temperature near the boilinge-paint. At the Bee Hive the water ealy | 
reaches a sufficiently high level t permit ef its collection witheat 
difieulty when the temperature Stands at or near the boiling point. 

Dr. Raymond has made the sazvestien that the addition ef 
alkali weaki possibly precipitate some of the mineral ingredients 
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to affect the point of cimilition. At the same time he renarks 
ee ee See 0 poesbly toe dilute solutions to be much 
by such additions. Anyone who glances at the analyses of 
iarstene af the Bee Hive, Fountain, and Vearlens must see, I think, 
ft they are not only too dilute to undergo any marked change of 
maperature, but that the mineral comstituents consist mainly of the 
yonates and chiosides of the alkalis, asexciated with a rdativdy 
ge amount A free silica which would renain wnacted upon by caustic 
ai. There is nothing im the waters to be thrown down by the 
ddition of alkali or permit any chemical) combinations to be formed 
t iiecdditian of a mall amount of s0ap. The desire of tourists to 
Sseap a geyser” during their trip through the Park grows annually 
ith the increase of travel, #0 much #9 that there is a steady demand 
tor the toilet say of the hotels. If visitors cold have their way, the 
rantiful bine springs and basins of the geysers would be “in the 
inde” constantly throughout the sason. Throwing anything into the 
het springs is now prokibited by the Goverument authorities, It is 
| certainly datrimental to the preservation of the geysers. and the 
| *practice can pot be tos strongly condemned by al) interested in the 
National Reservation. 

j H. Mis, 114-11 
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CONTINENTAL PROBLEMS OF GEOLOGY.* 


By G. K. GILBERT. 
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Introduction.—For a decade attention has been turned to the con- 
tinents. Through the distribution of animals and plants Wallace has 
studied the history of the former connection and disconnection of land 
areas. Theories of interchange of land and water have been propounded 
by Suess and Blytt. By means of geodetic data Helmert has discussed 
the broad relations of the geoid to the theoretic spheroid. Darwin has 
computed the strength of terrestrial material necessary to sustain the’ 
continental domes. James Geikie, treating nominally of coast lines, 
has considered the shifting relations of land and sea, and a half score 
of able writers have debated the question of continental permanence. 
The American Society of Naturalists, now holding its annual meeting 
at Princeton, N. J., devoted yesterday’s session to the consideration of 
such evidences of change in the geography of the American continent 
as are contained in the distribution of animals and plants. The inter- 
continental congresses auxiliary to the World’s Fair next summer are 
to be devoted to the discussion of continental and inter-continental 
themes; and a committee, at the head of which stands one of our vice- 
presidentssinvites the geologists of the world to assemble for the con- 
sideration of those broader questions of earth structure and earth history 
which affect more than one hemisphere. This occasion, too, in which, 
after three years’ sojourn in the land of the raccoon and the opossum, 
we return to the land of the sable and the beaver, brings forcibly to 
mind the continental extent of our society and its continental field. It 
is not strange, then, that the continents have seemed to me a fitting 
theme of which to speak to you to-day. Realizing not only the breadth 
and grandeur, but the inherent difficulty of the subject, I do not hope 
to enlarge the contribution the decade has made, nor shall I attempt 
to summarize it; neither is it my desire to anticipate the discussions 
of the World’s Fair congress. It is my purpose rather to state, as 
clearly as I may, some of the great unsolved problems which the con- 
tinents propound to the coming inter-continental congress of geologists. 


*Presidential address before the Geological Society of America; delivered Decem- 
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Differentiation of continental and oceanic platewus—It is one of the 
paradoxes of the subject that our ideas as to the essential character ef 
the continents have been greatly modified and clarified by the recent 
exploration ef the sea, The werk, especially, of the Chelleager and 
the Rlake in delineating and sampling the bottam of the ecean has 
given new definitions not only to the term “deep sea,” bat also fe the — 
term “continent.” as they are empleyed by students of terresinal 
mechanics and of physical geography. Teo the continental lands are 
new added the continental sheals, and the depth ef the deep sea is ne 
leager its wle characteristic, Look fer a moment at this generalized 
prodle ef the earth’s surface. It expresses In a concise way the rele- 
Rens ef area to altitude and of beth to the level ef the sea. Murray, te 
whose generalizations trom the Chelicager dredgings and soundings 
the Stadent of continents owes se mach, has cqupaied, with the aid 
ef the great body of modern data, the areas of had and eeean bed con 
taimed between certain contours, fourteen in namber.* and from his 
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figures I have consiracted the prafikk. Vertical distances represent 
heights and horizontal distances represent terrestrial areas. The fall 
whith of the diagram from side te Sde stands far the entire surface of 
the earth. The striking features ef the proale are its twe terraceser 
horizontal elements. Two-iifths of the earth's area lies between 11.8 
awd THROW fet beneath the ocean, constituting a vast salmerged pla- 
teau, whose mean altitade is — 14.000 Ret, This is the Plateae of the 
aeep sea. One-fourth of the earth’s area falls betweea the contear 
AON feet above the ocean and the contour 1,000 Ret below. and has a 
mean altitude of + 1,000 fet This is the continental Piatan. The twe 
Plateaus tocether compre two-thinds af the earths Sarfeee, the re. 
maining third incheding the intermediate Slopes. the areas of extreme 
and exceptional depth. and the areas of extreme aad eteeptional height. 
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Thus in the broadest possible way, and in a smauner practically inde 
pendent of the distribution of land and water, we have the ocean floor 
early differentiated from the continental plateau. It is at once evident 
_ that for the discussion of the greater terrestrial) problems connected 
with the configuration of the surface, and especially of the problems of 
terrestrial mechanics, we must substitute for the continents, as limited 
by coasts, the continental plateau, as limited by the margins of the 
continental shoals. 
It. does not follow from the profile. which, ax | have said, represents 
oly the relation of extent to altitude, that all districts of continental 
plateau are united in a single body. and in point of fact they are not com- 
pletdy united; but the greater bodies are brought together. and the 
only ontlying district is that of the Autarctic continent. Running aline 
along the edge of the continental shelf where a geutle slope is exchanged 
| for a steep one, and passing freely, 26 occasion may require, from the 
coast down to the line of 1.000 fathoms, a continental ontline is pro- 
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duced in Which North America and Eurasia are united through the 
shoals of the Arctic oceau. and in which Australia and the greater 
islands of the East Indies are joined to southwestern Asia. Antarctica 
alone stands separate. being parted from South America by a broad 
ean channel, imperfectly surveyed asyet. but believed to have a depth 
of between 1,000 and 2,000 fathoms. The lower plateau, or the floor of 
the deep ocean. is less continnons. being separated by tracts of moder- 
até depth into three great bodies, coinciding approximately with the 
Pacific, Atlantic. and Indian oceans. 

Rigidity versus isostasy. —The first of our continental problems refers 
to the conditions under which the differeutiation of the earth’s surface 
into oceanic and continental plateaus is possible. How are the conti- 
nents supported? Every part of the oceanic plateau sustains the weight 
of the superjacent column of water. At the same level beneath the 
continental plateau each unit of the lithosphere sustains a column of 
rock both taller and denser than the column of water and weighing 


= be ae Se 


166 ‘CONTINENTAL PROBLEMS OF GEOLOGY. 


~ 
ws —— 
about three times as much. The difference between the two pressures, 
or the differential pressure, is about 12,000 pounds to the square inch, 


and this force, applied to the entire area of the continental plateau, urges 
it downward and urges the oceanic plateau upward. Referring again to 
the diagram in Figure 1, the entire weight of the continental plateau, 
pressing on the track beneath it, tends to produce a transfer of material 
in the direction from left to right, resulting in the lowering of the higher 
plateau and the raising of the lower. To the question, how this tendency 
is counteracted, two general answers have been made: first, that the 
earth, being solid, by its rigidity maintains its form; second, that the 
materials of which consist the continental plateau and the underlying 
portions of the lithosphere are, on the whole, lighter than the materials 
underlying the ocean floor, and that the difference in density is the 
complement of the difference in volume, so that at some level horizon 
far below the ‘surface the weights of the superincumbent columns of 
matter are equal. The first answer regards the horizontal variations of 
density in the earth’s crust as unimportant; the second regards them as 
important. The first may be called the doctrine of terrestrial rigidity; 
the second has been called the doctrine of isostasy. At the present time 
the weight of opinion and, in my judgment, the weight of evidence lie 
with the doctrine of isostacy. The differential pressure of 12,000 pounds 
per square inch suffices to crush nearly all rocks, and it may fairly be 
questioned whether there are any rock masses which in their natural 
condition near the surface of the earth are able to resistit. The samples 
of rock to which the pressures of the testing machine are applied have 
been indurated by drying; but it is a fact familiar to quarrymen that— 
rocks in general are softer as they lie in the quarry below the water- 
line than after they have been exposed te the air and thoroughly dried. 
Ti is probable therefore that rocks lying within a few hundred ora few 
thousand feet of the surface are unable to resist such stresses as are 
imposed by continents. At greater depths we pass beyond the range 
of conditions which we can reproduce in our laboratories, and our infer- 
ences as to physical conditions are less confident. The tendeney of 
subterranean high temperatures is surely to soften all roeks, and the 
tendeney of subterranean high pressures is probably to harden them. 
It is not known which tendency dominates; but if the tendencies due 
to pressure are the more powerful, we are at least assured by the phe- 
nomena of voleanism that their supremacy admits of local exception. 

Nature of density differences.—lf we aceept the doctrine of isostasy 
and regard the material under the continents as Jess dense than that 
under the ocean floors, the question then arises whether the difference 
in density is due merely to a difference in temperature or whether it 
arises primarily from differences in composition. This, which may be 
called the second problem of the continents, is so intimately related 
to we one which follows that we may pass it by without fuller state- 
ment. 
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What caused the continental plateau ?—The problem of the origin of 
the continents remains almost untouched. Those who have pyro- 
pounded theories for the formation of mountain ranges have sometimes 
included continents also, but as a rule without adequate adaptation to 
the special conditions of the continental problem. So far as I am 
aware, the subject has been seriously attacked only by our second 
president, Prof. Dana. He postulates a globe with solid nucleus and 
molten exterior, and postulates, further, local differences of condition, 
jn consequence of which the formation of selid crust on the liquid en- 
velope was for a long period confined to certain districts. In those 
districts successive crusts were formed, which sunk through the liquid 
envelope to the solid nucleus and by their accumulation built up the 
continental masses. The remaining areas were afterward consolidated, 
and subsequent cooling shrunk the ocean beds more than it shrunk the 
continental masses, because their initial temperatures (at the beginning 
of that process) were higher.* That the philosophic mind may find 
satisfaction in this explanation, it appears necessary to go behind the 
second postulate and discover what were the conditions which deter- 
mined congelation in certain districts long before it began in others. 

Can it be shown that the localization of congelation, having been 
initiated by an otherwise unimportant inequality, would be perpet- 
uated by any of those cumulative processes which are of such impor- 
tance in various departments of physics? And can it be shown that 
such a process of continent-building would segregate in the continental 
tract certain kinds of matter and thus institute the conditions essential 
to isostatic equilibrium? ‘To the first of these ‘questions no answer is 
apparent, but I incline to the opinion that the second may be answered 
in the affirmative. If we assume the liquid envelope te consist of va- 
rious molten rocks arranged in the order of their densities and if we 
assume, further, that their order of densities in the liquid condition 
correspénds to their order of densities in the solid condition, then the 
successive crusts whose heaping built up the continents would all be 
formed from the lightest material, and the isostatic condition would be 
satisfied. 

It was the fashion of the last generation of physical geographers to 
study the forms of continents as delimited by coasts, seek ing analogies 
of continental forms with one another and also with various geometric 
figures, especially the triangle. The generalizations resulting from 
these studies have not yielded valuable ideas, and the modern student 
is apt to smile at the effort of his predecessor to discover the ideal geo- 
metric figure where the unbiased eye sees only irregularity. But barren 
as were those studies I am not satisfied that their method was faulty, 
and as a physiographer I have such appreciation of the ideas that 
sometimes grow from studies of form that I have attempted to apply 
the old method to the new conception of the continental plateau. Con- 


*James D. Dana: Manual of Geology, 2d edition, New York, 1874, p. 738. 
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fessing in advance that my only result has been negative, I neverthe- 
less recite what I have done, partly because negative contributions to 
an obscure subject are not entirely valueless and partly with the 
thought that the forms whose meanings I failed to discover may never- 
theless prove significant to some other eyes. 

What I did was to draw upon a globe the outline of the continental 
plateau and then view it from every direction. Afterwards I developed 
the figure upon a plane surface, employing for that purpose a mode of 
projection which is probably novel. As this mode is not susceptible of 
mathematical formulation, and therefore will not find place in the litera- 
ture of cartography, I may be pardoned for applying a trivial name and 
calling it the orange-peel projection. The name almost explainsit. Con- 
ceive the continental plateau to be outlined upon a spherical orange 
and the rind of the orange to be divided by a sharp knife along the 
sinuosities of the outline; conceive then that the portion of the rind 


FIGURE 3.—-The continental plateau developed on a plane surface. 


thus circumscribed is peeled from the orange and is spread upon a flat 
surface, the different parts being stretched and compressed so as to pass 
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FIGURE 4.—Oceanic area complementary to the continental plateau developed on a plane surface 


from spherical form to plane with the least strain of the rind. The re- 
sulting shape is delineated in Figure 3. Figure 4 shows the form as- 
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sumed by the complementary part of the orange peel, which represents, 
of course, that portion of the ocean outside the continental shoals. In 
each diagram the positions of the poles north and south are repre- 
sented by the letters N and 8. From the study of these figures, and 
especially from their study as delineated on the globe, it appeared pos- 
sible that a portion of the continental plateau might belt the earth as 
a great circle. The discovery of such a belt would be important, for by 
assuming that it was originally equatorial we might be led to new hy- 
potheses of continental development. In a rotating liquid sphere the 
only differentiation of surface condition we can readily conceive is that 
between equatorial and polar regions, and if such differentiation were 
sufficient to cause or localize continental elevations, then these eleva- 
tions would constitute either two polar tracts or else an equatorial belt. 
Moreover, I have been induced by recent studies of the physical history 
of the moon to suspect that the earth may at one time have received 
considerable accessions from without and that these accessions were 
made to the equatorial tract. If these suspicions are well founded, pe- 
culiar characters may have been given to a tract having the form of a 
belt. So for a double reason I was led to compare the outline of the 
continental plateau with a great circle. To this end a great circle was 
chosen, coinciding as nearly as possible with the line of greatest con- 
tinental extension, and the projection was so modified as to render the 


Figure 5,—Area of eontinental plateau, developed with reference to a great circle. 


locus of that great circle a straight line. The result appears in Figure 
5, where the straight line is the projection of the hypothetic ancient 
~equator; and you will probably agree with me that it gives little sup- 
port to the suggestion that the principal line of continental elevation 
was originally equatorial. 

Why do continental areas rise and fall?—A fourth problem refers to 
continentaloscillations. The geologic history of every district ofthe land 
includes alternate submergence under and emergence from the sea. 
To what extent are these changes due, on one hand, to movements of 
the sea and, on the other, to movements of the land, and what are their 
causes? With American geologists the idea, recently advocated, that 
the chief movements are those of the ocean finds little favor, because 
some of the most important of the changes of which we are directly 
cognizant are manifestly differential. Our palwozoic map pictures a 
sea where now are Appalachian uplands and uplands where now are 
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low coastal plains and oceanic waters. In Cretaceous time the two 
margins of what are now the Great Plains had the same height, or at 
least the western margin was no higher than the eastern; but now the 
western margin lies from four thousand to six thousand feet above the 
eastern, and the intervening rock mass appears to have been gently 
tilted without important internal distortion. Such geographic revo- 
lutions are not te be explained by the shifting of the hydro-sphere nor ~ 
by its dilatation and contraction. Neither can they be ascribed to iso- 

| 


static restoration of an equilibrium deranged through the transfer of 
masses by erosion and sedimentation, for that hypothetic process is 
essentially conservative. Neither isit easy to believe that the two mar- 
gins of the plains have differed, since the Cretaceous, to the extent of 
one mile in their radial contraction due to secular cooling of the globe; 
nor is it easy, at least for the disciple of isostasy, to believe that such 
a change can have resulted from the localization of deformation con- 
sequent on the slowing of the earth’s rotation. Eachofthese processes 
may have been concerned, but I conceive that the essential factor still 
awaits suggestion. Our knowledge of surface processes, as compared 
to subterranean, is so full that the field of plausible epigene hypothe- . 
ses may be exhausted, but the vista of hypogene possibility still opens 
broadly. 

Are continents permanent ?—The doctrine of the permanence of the 
continental plateau, enunciated long ago by Dana and more recently 
advocated, with a powerful array of new data, by Murray and Wallace, 
has made rapid progress toward general acceptance. Nevertheless its 
course 1s not entirely clear, and among the obstacles still to be over- 
come is one whose magnitude is perhaps magnified for the American 
student by proximity. All who have studied broadly the stratigraphy 
of the Appalachian district have concluded that the sediments came 
chietly from the east, and the detailed Appalachian work of the past 
decade is disclosing a complicated history, in which all chapters tell of 
an eastern palozoic land and some chapters seem to testify to its wide 
extent. At some times the western shore of this land lay east of the 
sight of the Blue Ridge, and there is serious doubt whether the exist- 
ing belts of coastal plain and submerged continental shelf afford it 
sufficient space. For the present, at least, the subject of continental 
permanence must be classed with the continental problems. 

Do continents grow ?—According to my own view there is yet another, 
a sixth, continental problem deserving the attention of the World’s 
Fair inter-continental congress. We have been told by the masters of 
our science (and their teaching has been echoed in every text-book and 
in every classroom), that through the whole period of the geologic 
record the continents have grown; not that the continental plateaus 
have been materially extended, not that the pendulum has moved 
always in one direction, but that the land area has on the whole 
steadily increased. From this doctrine there has been no dissen¢— 
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and possibly there should be no dissent—but the evidence on which it 


is founded appears to me so far from conclusive that I venture to 
doubt. 

The evidence employed consists partly in the general distribution of | 
formations as shown by the geologic map and partly in inferences drawn 
from certain formations which contain internal evidence that they origi- 
nated on coasts. With the aid of such data are drawn the outlines of 
ancient ocean and land at various geologic dates, and from the com- 
parison of these outlines continental growth is inferred. In passing 
from the formation boundaries of the geologic map tothe oceanic limits 
of the charts of ancient geography, allowance is made for the former 
extent of non-littoral formations beyond their present boundaries. 
This allowance is largely conjectural aud the range of possible error is 
confessedly great. In passing from the observed limits of littoral for- 
mations to the coast lines of ancient geograpliy little or no allowance 
is usually made for the former extent of the formations, and I conceive 
that great possibility of error is also thus admitted. During a period 
of oceanic transgression over the land, all portions of the transgressed 
surface are successively coastal, and the coastal deposits they receive 
are subsequently buried by off-shore deposits. When therefore littoral 
beds are found in remnants of strata surviving the processes of deg- 
radation, it is indeed proper to infer the proximity of ancient coasts 
during their formation. but the inference that they represent the limit 
of transgression for that epoch may be far from the truth. For these 
reasons it appears to me that thespecific conclusions which have been 
reached with reference to the original extent of various formations are 
subject to wide uncertainties; and, if this be granted, then but brief 
attention to a simple law of denudation is necessary to show that the gen- 
eral conclusion may be illusory. The process of degradation by aque- 
ous agencies is chiefly regulated, not by the thickness of formations, 
but by tle height to which they are uplifted. Thus the present extent 
of most formations is determined in large part by crustal oscillations 
subsequent to theirdeposition. As formationsare progressively eroded, 
the under-lying and older can not be attacked until the over-lying and 
younger have been carried away, and so the outcrops of the older of 
necessity project beyond the boundaries of the younger. The progress 
ot vague inference, making indefinite allowance for theunknown quan- 
tity of eroded strata, nearly always assigns to the older formation, 
which projects visibly beyond the newer, a greater original extent. It 
appears to me thus possible that the greater part of the data from which 
continental growth is inferred may be factitious and misleading. _ 

Furthermore, inference, such as it is, deals with only one phase of 
the problem. It is applied to the incursions of the sea upon the land, 
but it is not applied to the excursions of the land upon the sea. Just 
as we infer from stratified rocks the presence of the sea, so also we 
infer from unconformities the sea’s absence: and to the student of 
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ancient geography the two classes of evidence are equally important. 
But the strata, spread widely over the surface of the land, are con- 
spicuous phenomena, while unconformities are visible only here and 
there and are usually difficult of determination. For this reason the 
data derived from unconformity have never been assembled. Essays 
toward ancient geography have dealt only with the minima of ancient 
land, never with its maxima, and the question of continental growth 
can not be adequately treated while half of the history is ignored. 

We may borrow a figure from the strand of a lake. As the waves 
roll inward, each records its farthest limit by a line upon the sand and 
each obliterates all previous wave lines which it overpasses. ‘The ob- 
server who studies thetransient record at any point may find a series of 
lines, of which the highest is the oldest and the lowest is the newest, and 
he may infer that the lake level was higher when the first wave left its 
trace and that the water is receding from the land. But, if he continue 
his observations through many days and fix monuments to record from 
time to time the lowest land laid bare between the waves, he may dis- 
cover that the highest wave line and the lowest record of ebb corre- 
spond in time with the play of the largest waves, and that the lowest 
wave lineand the highest record of ebb correspond to the play of smaller 
waves, and thus reach the conclusion that the lake level has remained 
unchanged. In the study of Time’s great continental strand we are not 
even able to observe directly the wave lines of rhythmic transgression, 
but infer their positions from data often ambiguous; and of the lower 
wave limits, the lines of maximum regression, we are absolutely 
ignorant. 

It may be true that a priori considerations afford a presumption in 
favor of continental growth, but such presumption should not be per- 
mitted to give color to evidence otherwise neutral; and moreover it is 
not impossible to discover ana priori presumption in favor of continental 
diminution. Assuming that hypogene agencies cause continental areas 
to rise above the ocean, the work of epigene agencies constantly tends 
to remove the projecting eminences and deposit their material about 
their margins, soas to extend the area of the continental plateau. Thus 
we have a strong « priori presumption in favor of continental growth. 
On the other hand, if we admitthe principle of isostatic equilibrium, then 
the continental eminences have low density; and as they are worn away 
by epigene processes the material which rises from below to restore them 
has greater density and maintains a somewhat less altitude. The proe- 
ess of isostatic restoration tends thus toward the permanent levelling 
of continents, and if the hypogeue initiative should cease the continents 
would ultimately be reduced to ocean level, and finally, through proe- 
esses of solution, toa level below the ocean; so, assuming the initiative 
processes of the under earth to be of finite duration, the work of terres- 
trial degradation, combined with isostatie restoration, should afford a 
continental history characterized in an earlier stage by growth and ina 
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later stage by decadence. In our ignorance of subterranean forces we 
Should use such @ priori considerations only as a means for the sugges- 
tion of hypotheses. As they have doubtless served to promote the 
theory of continental growth, they should also be permitted to indicate 
the possibility of continental retrogradation. 

Summary.—tThe problems of the continents have been touched to-day 
so briefly that a summary is almost superfluous. The doctrine of isos- 
tasy, though holding a leading position, has not fully supplanted the 
doctrine of rigidity. If it be accepted, there remains the question 
whether heat or composition determines the gravity of the ocean beds 
and the levity of continents. For the origin of continents we have a 
single hypothesis, which deserves to be more fully compared with the 
body of modern data. The newly determined configuration ofthe con- 
tinental mass has yielded no suggestion as to its origin. The cause of 
differential elevation and subsidence within the continental platean is 
unknown and has probably not been suggested. The permanence of 
the continental plateau, though highly probable, is not yet fully estab- 
lished; and the doctrine of continental growth, though generally ac- 
cepted, has not been placed beyond the field of profitable discussion. 
Thus the subject of continents affords no less than a halfdozen of great 
problems, whose complete solution belongs to the future. It is not al- 
together pleasant to deal with a subject in regard to which the domain 
of our ignorance is so broad; but if we are optimists we may be com- 
forted by the reflection that the geologists of this generation, at least, 
will have no occasion, like Alexander, to lament a dearth of worlds to 
conquer. 


PRE-COLUMBIAN COPPER-MINING IN NORTH AMERICA. 
By Rk. L. PAcKARD. 


The broad classification of the successive stages of culture of the 
prehistoric peoples of Europe into the stone, bronze, and iron “ages” 
was based upon prehistoric finds, and is an induction derived from 
observation similar to that relating to the succession of the different 
orders of animals and plants in geological history. Itis also confirmed, 
as far as bronze and iron are concerned, by ancient tradition, for in 
early historical times it was known among the Greeks that bronze had 
preceded iron at an earlier period, and this knowledge, passing to the 
Romans in a later age, was expressed in the line of Lucretius which has 
been often quoted in this connection, ‘‘sed prior wris erat quam ferri 
cognitus usus.” 

But there is evidence to show that the use of copper was independent 
of, if it did not precede, that of bronze, particularly in places where 
the metal was indigenous. This evidence consists in the discovery of 
copper implements and weapons instead of or sometimes accompany- 
ing bronze, mingled with numerous stone articles of the same charac- 
ter, in various places in Europe and the East. The prehistoric people 
had learned the art of extracting copper from its ore, and in some cases 
practiced4t near the places where the metal was used for implements 
and weapons. Prehistoric copper mines have been reported from the 
Urals and elsewhere, and a circumstantial account of such a mine, 
which was discovered in 1827 near Bischofshofen in Salzburg, in Ger- 
many, has been published by M. Much, an archeologist who examined 
it in 1879.* The traces of the old workings, nearly obliterated after so 
long a time, had led to the establishment of a flourishing modern cop- 
per mine on the same vein, just as the trenches on the outcrops of the 
copper: bearing rocks in the Lake Superior district served as guides to 
modern miners in sinking shafts there. The Salzburg mine, however, 
was in copper ore and not native copper, and was a mine in the proper 
sense of the term, with extensive underground workings. The remains 
of small smelting furnaces, with slag heaps and other rubbish, were 
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found in the neighborhood, in the midst of which were a few pieces of 
the copper produced from the ore on the spot by the prehistoric smelt- 
ers.* No iron tools or signs of their use were found in this mine, which 
was assigned by the archeologist who examined it to the time of the 
neighboring lake-dwellers, who used its copper for weapons and tools. 
Another mine in the Tyrol, referred to by the same author, was also 
apparently worked to supply a colony of lake dwellers situated near by. 

It might be expected on both mineralogical and metallurgical grounds 
that copper would be used before bronze, and even before smelting was 
discovered, because copper, like gold and silver, is found in the native 
state in many places, while considerable metallurgical skill is necessary 
for the production of bronze. Moreover. bronze is an alloy of copper 
and tin, and, except in the comparatively rare cases where copper 
and tin ores occur together, tin would have to be transported to the 
copper-smelters to produce the alloy. In North America,t+ while cop- 
per was known to the natives, bronze had not appeared at the epoch of 
discovery by Europeans, and neither smelting nor even melting was 
necessary for the production of the copper articles found in use by the 
discoverers. 

The first comers to the northern part of this continent were struck 
with the absence of metals in the native weapons and implements, and 
found their place supplied by stone and bone. The inhabitants were 
in the neolithic stage of culture. They were, indeed, in possession of 
copper, but, as far as the discoverers observed, it was almost exclusively 
used for ornamental purposes, and formed, apparently, no part of the 
native equipment in the arts of life. Exclusive of the Spaniards, the 
earliest voyagers who left records or reports of their explorations sailed 
along the coast, or visited different parts of it, from Labrador to Flor- 
ida, and the inhabitants of the whole seaboard were found sparingly 
in possession of the “red metal.” Thus, in the account of Cabot’s voy: 
age in 1497, given in Hakluyt, there is this brief statement: ‘Hee 
(Cabot) declareth further that in many places of these Regions he saw 
great plentie of copper among the inhabitants.” The account is a 
translation from Peter Martyr, and the words “great plentie of” are not 
warranted by the original. Cabot’s observations were made on the 
northern coast of the continent, and he went as far as 60° north lati- 
tude. A similar brief statement is given in the account of the voyage 
of Cortereal in 1500, who is said to have gone as far north as 56°. The 
account (in Ramusio) describes the painted inhabitants, their clothing 
of skins, and other particulars, and states that they had bracelets of 
silver and copper. The mention of silver is unfortunate, Verrazano’s 


* A piece of this copper gave, on analysis: Copper, 98°46 per cent; sulphur, 0-09 per 
cent; slag, 0-44 per cent, while a copper tool found in the workings gave copper, 
97°78 per cent; nickel, 0°88 per cent; iron, a trace; lead, 0-05 per cent; sulphur, 0-24. 
per cent; slag, 0:07 per cent. 

t By North America is meant only the non-Spanish portion of the country, 
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report goes more into particulars. He coasted from 34° to beyond 41° 
north latitude in the year 1524, and made several landings. He says 
of the natives, at a point on the coast apparently in the neighborhood 
of New York, that they had “many plates of wrought copper, which 
they esteeme more than golde.” On sailing along the coast to the east- 
ward he saw certain hills and concluded that they had some “‘mineral] 
matter in them, because,” he says, ‘‘ we saw many of them [the natives| 
have beadstones of copper hanging at their eares.” On the soutbern 
and eastern coast, therefore, according to these accounts, the copper 
was used for ornaments. Neither of the observers quoted speaks of 
copper weapons in that part of the country, which they would have 
been likely to notice, as they naturally paid special attention to the arms 
they might have to encounter. Nor did later explorers who described 
the equipment of the natives in detail have occasion to give greater 
prominence to copper. 

In Cartier’s second voyage to the St. Lawrence, in 1535, he kidnaped 
the principal chief of a local tribe to take with him to France, follow- 
ing the common practice of the time, and this chief was visited on 
shipboard by condoling members of his tribe, who were assured that 
he would return the next year, ‘“ which, when they heard,” says the 
account in Hakluyt, ‘‘ they greatly thanked our captain and gave their 
lord three bundles of beaver and sea wolves skinnes, with a great knife 
of red copper that commeth from Saguenay.” Here is an instance of a 
copper weapon or implement. The quantity of copper which the North 
American Indians possessed at the epoch of discovery, although the 
metal was diffused over a very wide te1ritory, was very small compared 
with stone. A glance at collections of aboriginal articles, like that of 
the Smithsonian Institution in Washington or the Peabody Museum in 
Cambridge, will at once show how relatively insignificant it was. The 
Smithsonian has between six and seven hundred copper articles from 
mounds, graves, and other sources within the territory of the United 
States, while there are thousands of stone arrow and spear heads and 
implements in its collection. The Peabody and other copper collections 
are very much smaller. A closer examination of the Smithsonian 
exhibit will show that the copper articles from the south and east are 
mainly of an ornamental character and few in number compared with 
those found toward the northwest. As Wisconsin is approached the 
copper articles not only increase in number, but the proportion of arrow 
and spear heads and implements far exceeds that of the ornaments. 
Among the Wisconsin specimens are pieces of “float” copper, varying 
in size from those weighing several pounds down to nuggets, which 
indicate the convenient material of which some of the manufactured 
articles were probably made. 

If one were to prepare amap showing by shading or colors, as is now 
the practice, the relative number of aboriginal copper finds in the 
United States, the deepest shade or darkest color would at present be in 
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Wisconsin. This condition is no doubt largely due to the indefatiga- 
ble zeal of Mr. F. S. Perkins, of Wisconsin, who has devoted himself 
for many years to collecting copper articles of Indian origin from all 
parts of the State, about four hundred of which are in the Smithsonian 
cases. But the phenomenon can be explained in another way when 
one reflects that Keweenaw Point is directly north of the State and 
was the seat of the ancient copper mines which have attracted the 
attention of archeologists, and was the center of distribution of the 
native copper which was the object of the desultory mining carried on 
there. Wisconsin is also in a very favorable situation for receiving the 
drift which brought “float” copper from the copper-bearing rocks of 
Keweenaw, which “float” was apparently often manufactured into 
implements. The State covers a district which was near the mines and 
is in a direct course for people leaving them going south. It may be 
found that that district was the seat of the ancient miners themselves. 

The yield of mounds, graves, and fields, as shown in the collections, 
confirms in a general way the observations of the first discoverers. In 
the eastern and southern parts of the country the majority of the copper 
articles which have been found are breast-plates, bracelets, beads, 
bobbin-like objects and other ornaments, while in the north and west, 
and especially in Wisconsin, implements and weapons prevail. The 
Wisconsin specimens are like those figured by Whittlesey (Smithsonian 
Contributions, vol. X111), which were found in the mining district itself, 
and those found at Brockville, Canada, and shown in Wilson’s * Prehis- 
toric Man.” Others, apparently of the same character, are mentioned by 
Wilson as being found near Marquette, Mich., east of the copper dis- 
trict. 

The present evidence, therefore, shows that copper had not passed its 
ornamental or precious stage on the seaboard and in the south at the 
time this continent was brought to the attention of Europe. It was not 
a part of the general native equipment, either for war, or hunting, or 
other useful purposes, and its position in the native economy was not 
like the noticeable part it played in the armament of the Mexicans and 
Central Americans of the same period. 

At the advent of Kuropeans copper was eagerly sought for in trade 
with the whites. An official present of copper articles is particularly 
mentioned in the account of Cartier’s voyage before referred to, and 
Ralph Lane writes from Roanoke, in 1585, to his company in England 
that they could not do better than send over copper articles of all kinds 
to trade with; ‘‘ copper carryeth the price of all, so it be made red,” he 
explains. The copper obtained from the whites was very soon, with other 
imported things, disseminated by barter among the different tribes. In 
Frobisher’s third voyage to the Labrador coast (lat. 58°), in 157 8, he 
noticed the evidence of this aboriginal trade, and says “the natives 
have traffic with other people, and have barres of iron, arrowe, and 
speare heads and certain buttons of copper which they use to weare 


IN NORTH AMERICA. SE) 


upon their foreheads for ornament, as our ladies in the court of Eng- 
land doe use great pearle.” This trade with the natives must have 
been considerable. The fishing fleets which swarmed in the northern 
waters carried on trade, and copper and iron articles formed a part of 
their outward cargoes. According to Anthony Parkhurst, who had 
been in the business and on the fishing grounds, trade to Newfoundland 
from England was brisk in 1548, and an estimate which*he made for 
Hakluyt shows that in 1578 there were 100 Spanish vessels engaged in 
cod-fishing, 29 to 80 whalers from Biscay, 50 Portuguese, and 150 French 
and Breton vessels. The English contingent was then. much smaller 
than in former years. 

After the arrival of Europeans, bringing an assortment of ‘“ novel- 
ties” of all kinds, there was no reason why the Indians should trouble 
themselves further to obtain domestic copper by the toilsome process of 
searching and digging for it, because they now had not only aready and 
sufficient supply of that metal for ornamental purposes, but were intro- 
duced to many other things of superior attractiveness, especially iron, 
in the form of knives, hatchets, etc., which at once superseded copper 
for practical use. ‘The Chippewa chief, Kontika, asserted in 1824 
that but seven generations of men had passed since the French brought 
them brass kettles; at which time their people at once laid aside their 
own manufactures and adopted those of the French.” * The testimony 
of the earliest voyagers to the possession of copper ornaments by the 
natives is therefore of importance, because there was very soon enough 
of the imported article in the country to make a show. Incidentally, 
also, archeologists have to keep this fact of foreign importation in 
mind in deciding upon the origin of copper articles in “ finds.” Lake 
Superior copper, of which pre-Columbian Indian articles were made, 
occurs in the native state, and is free from the impurities which are 
found in copper that has been smelted, so that chemical analysis could 
often detide whether a given speeimen was of native origin or imported. 
On some copper articles found in the north, specks of silver have been 
noticed. This is a sure token of Lake Superior copper which has never 
been melted. 

In the absence of evidence that the Indians of the United States had 
any knowledge of smelting, it must be inferred that all the copper they 
possessed was found in the metallic or native state. There is nothing 
to show that they were aware of the existence of copper ore as a source 
of metal. No remains of smelting places, or slag, or other indications 
of metallurgical operations have yet been found. If they had known 
smelting they could have had an ample supply of the metal, because 
ores of copper are comparatively abundant in the United States, while, 
as a matter of fact, copper was ararity with them. Native copper occurs 
in small quantities in many places in the United States, but there is no 
evidence at present that the northern Indians had knowledge of any 
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but two localities where it could be obtained in any quantity. These 
were the Coppermine River in the British Possessions, and the Lake 
Superior copper district. The latter affords the most remarkable occur- 
rence of native copper in the world, and the present mines on Keweenaw 
Peninsula—including the famous Calumet and Hecla, the Tamarack, 
Quincy, and others—are of world-wide fame. The same deposits were 
worked superficially over their whole extent long before the advent of 
Europeans to these shores. 

By referring to the map of Michigan it will be seen that Keweenaw 
Peninsula is a prominent geographical feature and extends a consid- 
erable distance into Lake Superior. Its northwestern shore and the 
continuation thereof through Ontonagon County is practically parallel 
to the opposite or north shore of the lake. Through the middle of 
Keweenaw Point runs a belt of elevated land whichis several hundred 
feet above the lake in some places, and extends from the extreme point 
through the peninsula and Ontonagon County into Wisconsin. This 
elevated belt, which is known as the “mineral range,” sometimes rises 
into bluffs which are abrupt on the southeastern or shoreward side, 
but sloping in the opposite direction or toward the lake. The dip of 
the formation composing this range (sandstone, and sheets of igneous 
rock, including conglomerates) 1s in a general northwesterly direction, 
or towards the Jake and the north shore. On Isle Royale, near the 
north shore of the lake, the same formation occurs, but dipping in the 
opposite direction, viz, to the southeast or towards Keweenaw. “Trap” 
rock carrying copper is also found on the north and east shores of the 
lake at St. Ignace and Michipicoten Island. The copper-bearing series 
of the ‘mineral range” consists of sheets of igneous rocks—diabase, 
diabase-amygdaloid, and melaphyr—which include beds of conglom- 
erate all carrying native copper. Both of these classes of rocks are 
mined. The famous Calumet and Hecla mine is in the conglomerate, 
as is also the Tamarack, while the Quincy, Atlantic, and others are in 
the amygdaloid rocks. 

The product of the mines is divided by the miners into three classes, 
stamp rock, “barrel work,” and mass copper. By stamp rock is meant 
that which contains the copper in fine particles and is sent to the pow- 
erful steam stamps to be crushed, in order to separate the grains of 
copper by washing (jigging), just as gold-bearing quartz is stamped. 
‘Barrel work” means the pieces of copper which are large enough 
to be detached from the rock without stamping and are packed in 
barrels and sent directly to the smelters. They vary in size from pieces 
about as large as the hand to those not too large to be conveniently 
packed in barrels. Pieces too large for this constitute the third class, 
“mass copper,” which includes the huge pieces of many tons’ weight 
which are occasionally met with. All this copper shows as such in the 
rock, and the ancient miners had only to follow down a promising out- 
crop showing “barrel work” for a few feet and hammer away the rock 
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from the copper to secure the latter. When they came upon mass cop- 
per they were compelled to abandon it, after hammering off projecting 
pieces, because they had no tools for cutting it up and removing it. 
Several instances of this sort have been found. 

The ancient mines were not mines in the strict sense of the word, 
because they were not underground workings. As described by Whit- 
tlesey, who examined them at an early date,* they were shallow pits 
or trenches, and sometimes excavations in the faces of the cliffs, scat- 
tered along the mineral range from Ontonagon to near the end of the 
peninsula. At the time modern mining began they had become mere 
depressions in the ground, owing to the accumulations of earth, leaves, 
and decayed vegetable matter within them. Forest trees were grow- 
ing in them and upon the waste thrown out of them, so that it was 
difficult to distinguish them from natural depressions due to the weather- 
ing of the rock beneath the soil, or, in some cases, from the hollows 
left by the upturned roots of fallen trees. After their character was 
discovered, however, they served as guides to the modern miners, who 
often sank shafts upon the copper-bearing rocks, which were revealed 
by clearing them out. No mine has been opened on the lake that was 
not thus ‘‘prospected” by the old miners. Trenches like those on 
Keweenaw Point and Ontonagon, but, if anything, more elaborate, were 
found on Isle Royale, and Sir William Logan mentioned similar work- 
ings on the east shore of the lake near Maimanse. All of these work- 
ings contained stone hammers or mauls, amounting in all to a countless 
number. 

A few wooden shovels, strongly resembling canoe paddles, were 
found in some of the diggings, together with the remains of wooden 
bowls for baling, birch-bark baskets, and some spear or lance heads 
and other articles of copper. In Ontonagon County the old workings 
were for the most part shallow depressions only afew feet deep. Some 
of them in the bluff which showed outcroppings of copper rock were 
hardly large enough to shelter a bear, while others were larger. In 
Houghton County (i. e.,on the Keweenaw promontory) on the Quincy 
location, there were broad and deep pits in the gravel, probably dug 
for the float copper, lumps of which are still met with in the neighbor- 
hood. Atthe Central mine, further out on the point, there was a pit 
filled in with rubbish, which was at first supposed to be natural. It 
was 5 feet deep and 30 long. On examination, a ‘flat piece of copper, 
5 to 9 inches thick and 9 feet long, was found, which formed part of 
a piece still in the vein. Broken stone mauls were all about it, show- 
ing that the miners could do nothing with it. Its upper edge had been 
beaten by the stone mauls so severely that a lip or projecting rim had 
been formed, which was bent downwards.” Other localities toward 
the end of the peninsula and at the Copper Falls location are described 
by Mr. ee ey and as late as 1880 depressions in the ground, of 
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small dimensions, were pointed out to the writer at the latter place as 
the work ofthe old miners. Modern miners would regard the whole 
system as nothing more than prospecting work and not mining proper, 
as there were no shafts or tunnels or underground workings of any 
kind. As Mr. Whittlesey expressed it, “the old miners performed the 
part of the surface explorers.” 

Iam fortunate in being able to add to the foregoing the testimony of 
an eye-witness of some other discoveries in this district, viz, that of 
Mr. J. H. Forster, a well-known mining engineer who lived in the dis- 
trict many years. He was at one time superintendent of one of the 
mines, and was engaged on the Portage Lake Ship Canal as State 
engineer when the canal was opened, when he discovered some copper 
articles in an ancient grave at that point. He writes in regard to the 
discovery of old operations: ‘* The largest mass of float copper found 
in modern times - - - weighed 18 tons, and contained very little 
rocky matter. When found in the woods, on the Mesnard location, it 
was covered with moss and resembled a flat trap bowlder. It had been 
manipulated by the ‘ancient miner, and much charcoal was found 
around it. Its top and sides were pounded smooth, and marks of stone 
hammers were apparent. All projections—every bit of copper that 
could be detached—had been carried away. - - - Subsequent 
explorations disclosed the epidote lode whence the mass came—torn 
fromits matrix doubtless by the ice. The mass had been transported 
only about 50 feet and dropped on aridge. When the lode was stripped 
of the drift the jagged edges of a mass in place were exposed. It was 
of the same length, thickness, and structure of the ‘float. It was 
observed at the time that if the ‘float’ could be set up on edge on the 
piece in place it would fit in exactly. A beautiful illustration of the 
power and direction of the glacier was thus afforded.” Mr. Forster 
was present when the famous Calumet conglomerate lode was opened. 
At that point a small mound was found in the woods, while explora- 
tions were in progress, upon which large pine, maple, and birch trees 
were growing. Roots of trees still more ancient were found in the 
drift. After stripping off the timber a pit was sunk, which reached 
the solid conglomerate at the depth of 15 feet. “But it was a hard 
rock filled with stamp copper only, and could not be mined by the 
ancient miners.” 

Numerous stone hammers and birch-bark baskets were found in the 
workings. Mr. Forster thinks the dirt was carried out of the pit in 
these baskets. On the north side of Portage Lake, on the extension of 
the Isle Royale lode (opposite Houghton), the drift being shallow, 
“long trenches were dug on the back of the lode 3 feet wide and deep. 
There was much small mass or nugget copper (barrel work) released by 
the disintegration of the soft epidote vein stone.” This was thrown 
out, while the earth was thrown behind the miner as he advanced, and 
the work resembled that of an expert “‘nayvy.” No evidence of deep 
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mining could be found. As usual, stone hammers and charcoal were 
found in the trenches. A remarkably deep trench which was filled 
with earth and leaves was discovered at the South Pewabie (now 
Atlantic) mine, several miles west of the last locality, which extended 
2 or 3 feet into the solid rock. At the bottom “was a well-defined 
transverse fissure vein of quartz, about 2 feet wide, containing here 
and there chunks of solid copper. By the several pits sunk on the 
course of the vein, proof was had that it had been worked superficially 
several hundred feet in length. I walked through it along distance. 
The surface of the formation was shattered and decomposed, hence the 
old miners could come at the quartz handily. They did not carry the 
rock out to the surface to dump it, but piled it up neatly on each side 
of the drift. At one point I found a handsome specimen of anartz and 
copper laid up carefully ina niche. It weighed several pounds. - - - 
As in other cases, we had proof that the ancient miner did not sink 
any shafts and do real mining; he was only a surface gleaner.” Of 
the ancient workings on Isle Royale, on the north shore of the lake, 
which were very extensive and have been described as extending 20 
feet and more in the solid rock, Mr. Forster says: ‘“ As I understand it, 
these extensive works were upon a high outcrop, promising natural 
drainage. And I should infer from what I heard from Mr. A.C. Davis, 
the agent, and others who opened the Minong mine* that the ancient 
workings were among disturbed shattered rocks, among which were 
found much mass copper and barrel work. The ancients were after 
these pieces of copper. Mr. Davis found many considerable masses, 
handled and beaten by the ancient men, which were too large for them 
to carry away.” f 


*On Isle Royale. 

+Fromaletter tothe writer. Mr. Forster refers to the views of another mining man 
on the old copper workings on Keweenaw, who was the agent (or superintendent) of 
the Mesnard mine, and his opinions as an expert are valuable. Mr. Forster’s letter 
continues as follows: 

“Mr. Jacob Houghton, in a paper entitled ‘The Ancient Copper Mines of Lake 
Superior,’ says, speaking of the so-called ancient mines: 

“<< Their mining operations were crude and primitive. The process was to heat 
the embedding rocks by building fires on the outcrops of the veins or belts, to par- 
tially disintegrate the rocks by contraction produced by the sudden throwing on of 
water, and to complete the removal of the pieces of native copper by mauling off the 
adhering particles of rock with stone hammers. This is attested by the pres- 
ence in all ancient pits of large quantities of charcoal and numberless hammers, the 
latter showing marks of long usage. The miners had not advanced to any knowl- 
edge of the artificial elevation of water, as is shown by the fact that apparently, in 
all cases, the pits have only been sunk to a depth where the limit in man power in 
baling out the water is reached. 

“¢ The pits, the charcoal, the stone hammers, and the implements and tools made 
of copper are the only relics left of the races that wrought these mines. Neither a 
graye, vestige of a habitation, skeleton, or bone has been found.’ ide 

“Tn connection with these last remarks by Mr. Houghton, I beg to state that while 
I was State engineer on the Portage Lake and Lake Superior Ship Canal, the super- 
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At the Minnesota mine, in Ontonagon County, was found a large 
piece of mass copper which had been raised some distance in the exca- 
vation and abandoned by the old workers. As this was the first large 
mass discovered, and gave rise to considerable speculation, it deserves 
special mention. The account is taken from Forster and Whitney’s 
report on the geology of the Lake Superior copper region, and is as 
follows: In the winter of 1847-748, Mr. Knapp, the agent of the Min- 
nesota, found an artificial cavern on the mine location containing stone 
hammers, and at the bottom was a vein with jagged projections of 
copper. After the snow had left in the spring he found other excava- 
tions, and particularly one 26 feet deep, filled with clay and a matted 
mass of moldering vegetable matter. On digging 18 feet he came toa 
mass of native copper 10 feet long, 3 feet wide, and nearly 2 feet thick, 
weighing over 6 tons. “On digging around it the mass was found to 
rest on billets of oak supported by sleepers of the same material. 
This wood, by its long exposure to dampness, is dark-colored and has 
lost all of its consistency. A knife blade may be thrust into it as 
easily as into a peat bog. The earth was so packed around the copper 
as to give it a firm support. The ancient miners had evidently raised 
it about 5 feet and then abandoned the work as too laborious. They 
had taken off every projecting point which was accessible, so that the 
exposed surface was smooth. Below this the vein was subsequently 
found filled with a sheet of copper 5 feet thick and of an undetermined 
extent vertically and longitudinally. - - - The vein was wrought 
in the form of an open trench, and where the copper was most abundant, 


intendent in laying water pipes opened a very old grave. The grave was in the 
yellow sand, in a grove of Norway pines, near Lake Superior. At the bottom there 
was an exceedingly thin layer of mold, darker than the sand. Some human teeth 
were found and a string of copper beads strung on sinews. The sinews, much 
decayed, still held the beads in place. The copper bead was a small thin piece of 
copper about one-fourth of an inch long. It was rudely bent into a cylinder for the 
string to pass through, but was not welded; the edges were in contact, but not 
fastened together. This grave was at the Grand Portage or carrying place. 

“In dredging, the dipper brought up from the bed of the ship canal where the 
sand drift had originally been at least 25 feet deep, several perfect stone hammers 
and a copper implement which I pronounced to have been the head and ferule of a 
pike pole. It was about 18 inches long, tapering, sharp, and solid for two-thirds the 
distance from the small or lower end. At the upper or pole end the copper had been 
flattened out and then bent round to form a socket for the pole. There was a slight 
opening between the two edges of the curved copper; it was not joined or welded. 
The pike was bright and shining like a clean copper kettle. 

‘T saw it, and it was dredged from the bottom of the canal, and its position, as 
regards strata, was under the drift or dune sand and on the hard gravel and clay 
underlying. I know of no other finds in that section. The gravel and hard pan 
found in the bottom of the dredged canal I regarded as the bed of the ancient 
stream or estuary, now filled up with drift sand blown in from Lake Superior. 
How mnch the glacial drift had to do in filling up the ancient gorge in which the 

, present canal is only a line, I can not say. In some of the marshes ent by the canal 
were found three distinct forests, one growing on top of the other, to a depth of 14 
feet,” 
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there the excavations extended deepest. The trench is generally filled 
to within a foot of the surface with the wash from the surrounding 
surface, intermingled with leaves nearly decayed.” Whittlesey says 
of this mass: “ Its upper surface and edges were beaten and pounded 
smooth, all the irregularities taken off, and around the outside a rim 
or lip was formed, bending downwards. - - - Such copper as could 
be separated by their tools was thus broken off; the beaten surface 
was smooth and polished. 

“On the edge of the excavation in which the mass was found there 
stood an ancient hemlock, the roots of which extended across the ditch. 
I counted the rings of annual growth on its stump and found them to 
be 290.” Mr. Knapp felled another tree growing in a similar position, 
which had 395 rings. ‘The fallen and decayed trunks of trees of a 
previous generation were seen lying across the pits.” A shaft was 
subsequently sunk on the lode revealed by this trench, which was in 
rich ground, to a great depth. The abandonment of this mass of cop- 
per formerly gave rise to conjectures. Itwas supposed thatthe ancient 
miners were interrupted in their work “by some terrible pestilence 
- - - or by the breaking out of war; or, as seems not less probable, 
by the invasion of the mineral region by a barbarian race, ignorant of 
all the arts of the ancient Mound-builders of the Mississippi and of 
Lake Superior.”* But from a consideration of the evidence of the 
character and scope of the old workings which we now possess it will 
be seen that it is unnecessary to go so far for an explanation. As was 
clearly the case at the Central and Mesnard mines and on Isle Royale, 
the mass at the Minnesota was abandoned by the old miners because 
they found it impossible to get any more pieces from it. They had no 
tools which could cut it, and even at the present time mass copper is 
the least desirable form in which the metal presents itself in the mines, 
on account of the Jabor and expense of cutting it up, although there 
are steel tools especially invented for the purpose. The practice of 
hammering off pieces from mass copper is mentioned by visitors to the 
lake from the French missionaries down to Schooleraft. There was a 
large mass on the Ontonagon, which has been in the Smithsonian Insti- 
tution for many years, which was considerably reduced in size in this 
way in the course of a hundred and fifty years by casual visits. 

A great antiquity has been assigned to these workings by some 
writers, and it used to be supposed that a busy industry was suddenly 
interrupted in them at some time over five hundred years ago. The 
tree with three hundred and ninety-five rings of growth has been used 
to support an argument that the workings must have been abandoned 
at least aslong ago as the middle of the fifteenth century, or, to be 
exact, reckoning from 1847, before the year 1452, This would be at 
least forty years before the voyage of Columbus and eighty-four years 
before Cartier visited Montreal. Although it may be true that work 
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ceased at the particular trench where that tree was felled at the date 
indicated, it does not necessarily follow that all the workings were 
abandoned at the same time. Indeed, the tree which grew on the 
dump of the pit where the Minnesota mass was found did not begin its 
growth until over a hundred years later, or after the French had been 
up the St. Lawrence and there had been considerable traffic with 
Europeans on the seacoast. How long a parte ante the whole system 
had been worked can only be a matter of conjecture. When one 
reflects that many hundreds of men were busily engaged for several 
consecutive seasons, with all the feverish energy born of the modern 
thirst for gold, in the diggings of any one of the placer camps which 
are now seen abandoned in Idaho, Oregon, and California, it will be 
apparent that the old miners on Lake Superior must have taken along 
time for their leisurely work. Their tools were primitive, their work 
was desultory, and they knew nothing about the desire of wealth. 
Primitive peoples are supposed not to have prosecuted any industry 
persistently and assiduously, like modern civilized men. Where there 
are no wages, no expenditures, no companies and employés, no stocks 
or fluctuations of the market, nothing even which can be called a 
demand, there is no need of pushing a laborious work. It was also, 
probably, only in the summer, and it may have been only at considera- 
ble intervals, that Keweenaw, Ontonagon, and Isle Royale were visited 
for copper. It must also not be forgotten that the ancient miners only 
carried away ‘barrel work.” They were forced to abandon mass 
copper. Barrel work from the excavations and float copper from the 
neighboring and remote drift would furnish the material necessary for 
all the tools, weapons, and ornaments that have been found, and 
although the quantity of copper from these sources was small when 
reckoned in tons, yet the desultory and selective kind of mining which 
produced it, especially if carried on by a comparatively small number 
of persons over such an extensive territory as the mineral range of 
Keweenaw, would naturally require an indefinite length of time. 

From the historical references which will be presently considered, it 
will appear that Keweenaw and Ontonagon were known as a copper 
district at the time the French arrived in Canada. But as it has been 
imagined that an extinct race superior in culture to Indians opened the 
trenches and mined copper there, it may be well to give a comparatively 
modern instance of a similar search for copper by Indians before taking 
up the historical argument. Such an instance is afforded in Hearne’s 
narrative of his journey from Prince of Wales’s Fort in the Hudson’s 
Bay Company’s territory to the Coppermine River in 1771. Hearne 
was an employe of the Hudson’s Bay Company, and undertook the expe- 
dition in the interest of the company. His party was composed of 
Indians who were not very far removed in point of culture from their 
savage stone-using ancestors of three or four generations previous, and 
no better idea could be gained of the character and life of neolithic man 
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as he was in that part of the world, of his methods of obtaining subsist- 
ence, his general degree of development, and, incidentally, his stealth 
and ferocity in attack on his neolithic fellow-men, than is contained in 
this book. After a journey of several months through barren wastes, 
during which he endured the greatest hardships and was in danger of 
starvation, Hearne reached the Coppermine River, and, after his say- 
ages had surprised and murdered some unsuspecting Esquimaux, he 
visited the copper “ mine,” which he thus describes: ‘This mine, if it 
deserve that appellation, is no more than an entire jumble of rocks and 
gravel, which has been rent many ways by an earthquake. Through 
these ruins there runs a small river. The Indians who were the occa- 
sion of my undertaking this journey represented this mine to be so rich 
and valuable that if a factory were built at the river a shin might 
be ballasted with the ore instead of stone. - - - By their account 
the hills were entirely composed of that metal, all in handy lumps like 
a heap of pebbles. But their account differed so much from the truth 
that I and almost all my companions expended near four hours in 
search of some of this metal, with such poor success that among us all 
only one piece of any size could be found. This, however, was remark- 
ably good, and weighed above £4 pounds. I believe the copper has 
formerly been in much greater plenty; for in many places, both on the 
surface and in the cavities and crevices of the rocks, the stones are 
much tinged with verdigris.” They afterwards found smaller pieces 
of the metal. 

He goes on to remark that the Indians imagined that every bit of 
copper they sound resembled some object in nature, but hardly any two 
could agree what animal or part of an animal a given piece was like. 
He also says that by the help of fire and two stones the Indians could 
beat a piece of copper into any shape they wished. The indians were 
really living in a copper age of their own. Hearne says: ‘“ Before 
Churchill River was settled by the Hudson’s Bay Company, which was 
not more than fifty years previous to this journey being undertaken, 
the northern Indians had no other metal but copper among them, 
except a small quantity of ironwork, which a party of them who vis- 
ited York Fort about the year 1713 or 1714 purchased, and a few pieces 
of old iron found at Churchill River, which had undoubtedly been left 
there by Capt. Monk. ‘This being the case, numbers of them from all 
quarters used every summer to resort to these hills in search of copper, 
of which they made hatchets, ice-chisels, bayonets, knives, awls, arrow 
heads, etc. The many paths that had been beaten by the Indians on 
these occasions and which are yet in many places very perfect, espe- 
cially on the dry ridges and hills, issurprising. The Copper Indians set 
a great value on their native metal even to this day, and prefer it to iron 
for almost every use except that of a hatchet, a knife, and an awl; for 
these three necessary implements copper makes but a very poor substi- 
tute.” The Esquimaux tents were plundered of their copper by 
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Hearne’s Indians. They found arrows ‘shod with a triangular piece 
of black stone, like slate, or a piece of copper.” “ Their [the Esqui- 
maux] hatchets are made of a thick lump of copper, about 5 or 6 inches 
long and from 1$ to 2 inches square. They are bevelled away at one 
end like a mortise chisel. This is lashed into the end of apiece of wood 
about 12 or 14 inches long, in such a manner as to act like an adze; in 
general they are applied to the wood like a chisel and driven in witha 
heavy club instead of a mallet. Neither the weight of the tool nor the 
sharpness of the metal will admit of their being handled either as adze 
or ax with any degree of success.” 

This testimony of a modern eye-witness to the working and use of 
copper by aborigines is very instructive, and it requires little imagina- 
tion to see that we have here a reproduction of the conditions that pre- 
vailed on Keweenaw Point two and three hundred years before. The 
summer visits of the miners, the manufacture of the copper into tools 
and weapons, some to be used in the neighborhood and others to be 
carried away for barter—for Hearne gives the rate of exchange between 
copper and iron from tribe to tribe—were doubtless the same in both 
cases; even the mythical or “medicine” feature of the subject, which 
was noticed by early writers in the stories of the Indians of Lake 
Superior, is not wanting here. The Coppermine story was that a 
woman (who was a magician) was the discoverer of the mine and used 
to conduct the Indians there every year. Becoming offended, she 
refused to accompany the men on one occasion when they left the place, 
after loading themselves with copper, but declared that she would sit 
on the mine until it sank with her into the ground. The next year 
when the men returned (women did not go on these expeditions) she 
had sunk to the waist and the quantity of copper had much decreased. 
On the next visit she had disappeared and the principal part of the 
copper with her, leaving only pieces here and there on the surface. 
Before this untoward event the copper was so plentiful that the Indians 
had only to turn it over and pick out such pieces as would best suit 
the different uses for which they intended it. 

From this account it will be seen that it is not necessary to imagine 
a mysterious and extinct race more advanced in industrial arts than 
Indians to account for the ancient mines on Lake Superior. Besides, 
other workings requiring as much labor have been carried on by Indians. 
The catlinite or pipestone quarry in Minnesota was worked far into 
the present century. The mica mines in North Carolina, which are 
now worked, were operated in a way and to an extent suggestive of the 
Lake Superior copper mines, and were abandoned, according to Prof. 
Kerr, the geologist who examined them, a little over three hundred 
years ago, or after the arrival of the whites. There are also novaculite 
mines in Arkansas, obsidian workings in the Yellowstone Park, soap- 
stone pottery quarries in several places in the Eastern States and in 
California, and especially the astonishingly extensive workings at Flint 
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Ridge, Licking County, Ohio, where chert was mined and manufactured 
into various articles at “workshops” on the grounds. Some of these 
various diggings were undoubtedly the work of “Indians;” what the 
others were must be left to archeologists to decide. All give evidence 
that the natives of the country were close observers and possessed 
a considerable degree of skill in detecting and obtaining the various 
minerals which pleased their taste or were of use in their simple lives. 

The reason which has been given for supposing that the ancient 
miners on Lake Superior had disappeared before the arrival of the 
whites is that the Indians made no mention of the mines to the French 
and had no tradition about them. But the first French explorers of 
the St. Lawrence, who left a record of their voyage, were informed by 
the Indians even of the Gulf—over 1,500 miles away— that copper came 
from a distant country in the west, and this statement was confirmed 
as they proceeded up the river. The same story was repeated a hun- 
dred years later, after settlements had been made, and it persisted until 
the source of the copper was found. 

In the account of Cartier’s second voyage, in 1535, given in Hakluyt, 
it is stated that the natives of the south shore of the Gulf of St. Law- 
rence informed him that the way to Canada was toward the west, and 
that the north shore before Canada was reached was the beginning of 
Saguenay, ‘“‘and that thence commeth the red copper of them named 
Caignetdage.” Subsequently, at Hochelaga (Montreal), the natives 
described to the French the voyage up the St. Lawrence and the Ottawa 
to Saguenay. ‘‘Moreover, they showed us with signs that the said 
three fals being past, a man might sayle the space of three moneths 
more alongst that river, and that along the hills that are on the north 
side there is a great river which (even as the other) commeth from the 
west, we thought it to be the river that runneth through the countrey 
of Saguenay; and without any sign or question mooved or asked of 
them, they tooke the chayne of our Captaines whistle which was of 
silver, and the dagger-haft of one of our fellow Mariners, hanging on 
his side being of yellow copper gilt, and shewed us that such stuffe 
came from the said River.” ‘ Our Captaine shewed them redde copper, 
which in their language they call Caignetadze, and looking towards 
that countrey [in a different direction from Saguenay], with signs asked 
them if any came from thence, they shaking their heads answered no; 
but they shewed us that it came from Saguenay.” “But the right and 
ready way to go to Saguenay is up that way to Hochelaga [Montreal], 
and then into another [river] that commeth from Saguenay [the Ottawa] 
and then entereth into the foresaid river [the St. Lawrence] and that 
there is yet one moneths sayling thither, Moreover they told us and 
gave us to understand that there are people - - - and many 
inhabited towns and that they have great store of gold and red copper 
- - - and that beyond Saguenay the said river entereth into two or 
three great lakes, and that there is a sea of fresh water found, and as 
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. 
they have heard say of those of Saguenay, there was never man heard of 
that found out the end thereof, for as they told us they themselves 
were never there.” 

Allowing for the difficulty of communicating by signs and the many 
chances of misunderstanding, of which the interpretation of the Indian 
signs to mean gold is doubtless an instance,thisis a geographical descrip- 
tion which ean almost be followed on the map, and the account shows 
thatthe St. Lawrence Indians knew that the copper they had came from 
a place in the west where there were great lakes and a * sea of fresh 
water.” This was all hearsay with them, as they had never visited the 
distant country, which was inhabited by other tribes. Butit seems 
evident enough that there was at that time a widely diffused knowledge 
of the source of the copper, which would hardly have been the case if 
the supply had ceased two or three generations before. When, over a 
hundred years later, French settlements had been established and 
traders and missionaries began to push forward to the great “sea of 
fresh water,” they continually encountered the statement that copper 
could be found on its shores, and Indian guides finally took them to 
the precise localities where the metal had formerly been mined, and 
whence it was still occasionally obtained. Copper specimens, some- 
times of large size, all reported as coming from Lake Superior, were 
not uncommon, at this time, as the following extracts show, and it seems 
evident that Indians still visited the old diggings and carried away 
such pieces of copper as they could find. 

The Abbé Sagard, who was a missionary to New France about the 
year 1630, gave an account of the resources of the country in his 
“Grand Voyage du pays des Hurons,” published at Paris in 1632. He 
did not penetrate as far as the upper lakes, but says that there were 
copper mines in that distant country which might prove profitable if 
there was a white population to support them and miners to work them, 
which would be the case if colonies were established. He saw a speci- 
men of copper from the mines, which, he says, were 80 or 100 leagues 
distant from the country of the Hurons. In Margry’s Décourertes et 
établissements des Francais, Premiére partie, voyages des Francais sur les 
grands lacs, 1614-1684, p. 81, is an extract from a letter relating to an 
exploration for copper written by Sieur Patoulet in Canada to Colbert 
in Paris. Itis dated at Quebec, November 11, 1669, and is as follows: 
“Messrs. Joliet and Péené, to whom M. Talon paid 100 and 400 livres 
respectively, to explore for the copper deposit which is above Lake 
Ontario, specimens from which you have seen, and ascertain if itis abund- 
ant, easy to work, and if there is easy transportation hither, have notyet 
returned. The first named should have been here in September, but 
there is no news of him yet, so that a report of what may be expected 
of the mine must be postponed until next year.” On page 95 of the 
same yolume is a letter from Jean Talon to the king, dated Quebec, 
November 2, 1671, in which occurs the following reference to copper, 
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one locality of which had then become known: “The copper specimen 


from Lake Superior and the Nantaonagon (Ontonagon) River which I 
send, indicates that there is some deposit or some river bank which 
yields this substance in as pure a state as could be wished, and more 
than 20 Frenchmen have seen a mass of it in the lake which they esti- 
mate at eight hundred weight. The Jesuit fathers among the Ottawas 
use an anvil of this metal which weighs about 100 pounds. It only 
remains to find the source of these detached pieces.” He then gives 
some description of the Ontonagon River, in which he attempts to 
account for the formation in situ of the copper specimens found in its 
neighborhood (galets de ce mestail, evidently float copper), and goes on 
to say: “It is to be hoped that the frequent journeys of the Indians 
and French, who are beginning to make expeditions in that difection, 
will result in the discovery of the place which furnishes such pure 
metal, and that without expense to the king.” 

The passages from the Jesuit Relations, which have been often quoted 
in this connection, show that the mining districts were well known to 
the Indians. Father Dablon, in the Relations for 1669~70, describes 
these places, of which he was informed by the Indians. The first was 
Michipicoten Island, on the east shore of thelake; then came St. Ignace, 
on the north shore, and then Isle Royale, ‘celebrated for its copper, 
where could be seen in the cliffs several beds of red copper separated 
from each other by layers of earth.” The other principal locality was 
the Ontonagon river, from which place the French had received a cop- 
per specimen three years previously which weighed 100 pounds. The 
Indian (Ottawa) women of this region, the father says, while digging 
holes for corn, used to find pieces of copper (float copper) weighing 10 
and 20 pounds. A hundred years later Alexander Henry mentions the 
same thing of this locality, and adds that the Indians beat the pieces 
of copper into bracelets and spoons. Father Dablon goes on to say 
that opinions differed as to the place the Ontonagon copper came from 
some thinking it was near the forks of the river and along the eastern 
branch (near the old workings), while other guessers placed it elsewhere. 

The information the Indians gaye was not spontaneous, for Father 
Dablon says that it required some address to induce them to reveal the 
mineralogical secrets which they wished to conceal from the whites. 
This reluctance to give information about mineral localities has sur- 
vived down to a very recent period, and stories are known to the older 
residents of the copper district, some of them amusing enough, illus- 
trating this trait. At all events, Father Dablon’s Indians knew pre- 
cisely where the old mining localities were. He says he was assured 
that in the land to the south there were deposits (mines is the French 
word) of the metal in various places. He had just been speaking of 
Keweenaw Point, but the connection is not close enough to warrant 
the inference that he meant immediately to the south of the point. If 
that could be shown, there would be a direct reference to the ‘dig- 
gings” on the peninsula. 
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But most of the misapprehension in this matter has arisen from the 
use of the misleading term “mine” in connection with this district- 
We associate with that term shafts or tunnels and under-ground work. 
ings, none of which ever existed on the lake. The ancient miners were 
not miners in the proper sense of the word as were those prehistoric 
men who mined copper ore in the Tyrol, or those other prehistoric mines 
who sank shafts and ran drifts in the chert deposits of Belgium. On 
the contrary, they were, as has been abundantly shown, only surface 
prospectors, and appear to have dug for copper wherever they happened 
to find it. Ifthe pieces were loose float in the gravel, as at the Quincy 
location, and as the Ottawa squaws found them at Ontonagon, in 1670, 
and the later Indians in Henry’s and Schooleraft’s time, well and good, 
they “mined ” them and beat them into shape. If the copper was in 
huge masses on the surface as at the Mesnard they ‘mined ” it in that 
shape by working off pieces with their stone hammers. If the copper 
was fast in the rock they broke it out by hammering the rock away 
from it, and if the rock extended into the ground they dug down around 
it, broke away what “barrel work” they could, and treated the “* mass” 
as they did that already dug for them on the surface. They had no 
idea corresponding to the word mine. Hence there is no apparent 
reason why there should have been much of a distinction in the minds 
of people who were not miners between places where they dug copper 
out of the gravel, as in the trenches at Quincy, and places where they 
were obliged to dig around rocks to obtain it. 

Itis largely the undue emphasis upon the idea of mining that has led 
writers te create another race than the Indians to practice that skilled 
art on Keweenaw Point, Isle Royale, and the Canadian shore. The false 
or exaggerated idea has led to an equally exaggerated inference. All 
this is well illustrated in a passage in Wilsow’s “Prehistoric Man,” 
describing an interview with an old Chippewa chief some fifty years 
ago. He was asked about the ancient copper miners, and declared that 
he knew nothing about them. The Indians, he said, used to have copper 
axes, but until the French came and blasted the rocks with powder 
they had no traditions of the copper mines being worked. His fore- 
fathers used to build big canoes and cross the lake to Isle Royale, where 
they found more copper than anywhere else. This is a distinet tradition 
enough of one famous copper locality—Isle Royale—although it may be 
unreliable from its late date, but the story shows how the belief that 
the Indians had no tradition of the old mines could originate. The old 
chief very properly denied knowing about a thing that never existed. 
His ancestors never carried on mining, but only digging. Deep mines, 
where blasting is done, which very likely he had seen, were, of course, 
unknown to them. 

Like this old chief, Father Dablon’s Indians showed full traditiona} 
knowledge when they told him of the mineral localities where, several 
generations before, copper had been extensively dug. The ancient 
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trenches in the woods had long been covered and contained no visible 
copper. They possessed only an antiquarian interest to which the 
Indians were strangers, and also, as Father Dablon relates, his Indian 
friends were not disposed to give more information than they could 
help. 

The first systematic exploring or “prospecting” party to search for 
the Ontonagon lode was sent out from Quebec about the same year that 
Father Dablon described the place, viz, 1669. The expedition returned 
without accomplishing its object for want of time, and was met on Lake 
Erie by La Salle’s party going to the Mississippi. No mining was done 
there until a hundred years later under Alexander Henry. 

The foregoing extracts from the account of Cartier’s voyage, the 
Abbé Sagard, the Jesuit Relations, and Margry, show the continuity 
of the ancient or pre-Columbian mining on Lake Superior and the mod- 
ern. As soon as the French arrived at the St. Lawrence in 1535, they 
found the natives knowing proportionately as much about the distant 
source of the copper they possessed as the ordinary eastern citizen does 
now. Over a hundred years later, after settlements had been made, 
there was still living knowledge that copper came from Lake Superior, 
and especially the Ontonagon River, where it was easy to find float 
copper. But during this long period active importation of European 
articles had been going on so that, as the Chippewa chief explained, 
native industries, including the search for copper, had been interrupted. 
Iron articles, knives, hatchets, weapons, and innumerable other desira- 
ble things made it unnecessary for the Indians to exert themselves in 
exploiting the old source of supply. But when the French began to 
inquire for copper they were taken to the precise localities where the 
metal had formerly been obtained which, like all mining districts, were 
full of abandoned and forgotten workings, and they were shown the 
metal in place. 

Native copper, as has been said, occurs sparingly in several places 
in the eastern part of the country. In the Appalachian region ores ot 
copper occur and have been extensively mined, but native copper does 
not occur there except as a mineralogical rarity. Nevertheless it has 
been suggested that copper was produced in that part of the country 
in pre-Columbian times. If this were so there should be evidences oJ 
old mines and of smelting operations of some kind, because copper ore 
must be smelted to produce the metal. No old workings in that region 
have, however, yet been identified as pre-Columbian copper mines, and. 
no traces of aboriginal smelting have been discovered to support the 
suggestion. Ancient mica mines have, indeed, been discovered in 
North Carolina which are now worked, but if the Indians mined for 
copper at allin that mineral district the fact remains to be proved. 
Moreover, the Smithsonian collection, so far from showing a compara. 
tive abundance of copper articles from the Appalachian region, as 
would be expected if it had been a center of distribution like Kewee- 
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naw and Ontonagon in the North, has remarkably few copper relics 
from the Carolinas, Georgia, Alabama, and Tennessee. The idea 
doubtless arose from the statements in the accounts of the Spanish 
explorers of this region and of the French and English colonies on the 
coast. DeSoto’s march was a continuous pursuit of an ignis fatuus. 
He was told that gold or copper and other riches were in the Appala- 
chians, and was kept perpetually on the move after them, while they 
eluded him in the most tantalizing manner. He did find pearls, and 
probably in large quantities; the contents of graves show that that 
form of wealth really existed. But that other form of wealth—“a 
melting of gold or copper”—which he coveted, kept moving before him 
from town to town and tribe to tribe all through his weary journey, 
and he never found it. The Spaniards on the Florida coast in the follow- 
ing years were persuaded that there was great mineral wealth of some 
kind in the Appalachians, and told of a town in the region where the 
minerals were supposed to be, which they called La Grand Copal. This 
town was said to be 60 leagues northwest of St. Helena, on the South 
Oarolina coast. 

De Soto’s march was undertaken in 1539. In 1562 the French estab. 
lished a short-lived colony at Port Royal, S. C., under Capt. Ribault, 
which was succeeded two years later by another at the river of May 
(the St. John’s), in charge of René Laudonniere, the history of which, 
with its tragic end, was brought prominently to notice by Parkman 
some years ago. Laudonnitre wrote a full description of the resources 
of the country, in the course of which he says (Hakluyt’s translation), 
“there is found amongst the savages good quantitie of gold and silver 
which is gotten out of the shippes that are lost upon the coast, as [have 
understood by the Savages themselves. They use traffique thereof one 
with another, And that which maketh me the rather believe it, is that 
on the coast towards the cape, where commonly the shippes are cast 
away, there is more store of silver than towards the north. Neverthe- 
less, they say that in the mountains of Appalatey there are mines of 
copper, which I thinke to be golde.” From these mountains came “ two 
stones of fine christal,” which were presented to the French, together 
with a number of pearls, and they learned from the Indians that there 
was ‘an infinite quantity of slate stone, wherewith they made wedges 
to cleave their wood,” in the same mountains. A “king” of the coun- 
try lying near these mountains sent Laudonniére “a plate of a minerall 
that came out of this mountaine, out of the foot whereof there runneth 
a streame of golde or copper, as the savages thinke, out of which they 
dig up the sand with an hollow and drie cane of reed until the cane be 
full; afterward they shake it, and finde that there are many small graines 
of copper and silver among this sand; which giveth them to understand 
that some rich mine must needs be in the mountaine.” 

If the Spaniards had not been “ prospecting ” through this part of 
the country twenty years before, this wonld be a most interesting 
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account of primitive panning, an operation familiar to all gold pro- 
spectors and known in many parts of the world. But the suspicion 
arises that the Indians had watched the Spaniards operating in this 
way in the streams in their search for gold and were describing their 
method. The description, moreover, could not apply to copper, 
although it is true of gold, which is found in the sands of the streams, 
and is ‘panned out” in the manner described. The effort to find cop- 
per from this mineral region was unavailing. On Ribault’s arrival to 
succor Laudonniétre’s party, the Indians offered to conduct him, in a 
few days’ journey, to the mountains of Apalatcy. ‘In those moun- 
taines, as they sayd, is found redde copper, which they call in their 
language Sieroa Pira, which is as much to say as redde mettall, whereof 
I had a piece, which at the very instant I showed to Captaine Ribault, 
which caused his gold finer to make an assay thereof, which reported 
unto him that it was perfect golde.” This assay confirms, or perhaps 
was the cause of, Laudonniére’s surmise that the copper of Apalatcy 
was gold. It is not easy to understand at this distance why there 
should have been any difficulty in recognizing the metal at once. 
There was evidently some misunderstanding or misinterpretation of 
the questions and the answers between the French and Indians in ref- 
erence to the red metal, so that while the French meant copper the 
Indians understood gold. At any rate, the French saw no copper from 
the Appalachians. 

Sir Walter Raleigh planted a colony at Roanoke Island in 1585, of 
which Ralph Lane was superintendent. He, also, soon heard of min- 
eral wealth in the mountains to the west, and was eager to find copper 
there. It must be remembered that it was a great disappointment in 
Europe to find that the land which Columbus and his successors had 
discovered was a continent, and incessant attempts were made to find a 
way through or around it to the south seas and Cathay, which were 
continued into the present century. Therefore Ralph Lane wrote that 
‘‘ the discoverie of a good mine by the goodnesse of God, or a passage 
to the south sea, or some way to it, and nothing els cau bring this 
countrey in request to be inhabited by our nation.” And particularly 
with reference to the rumored mine to the west, he says: “And that 
which made me most desirous to have some doings with the Mangoaks,* 
either in friendship or otherwise to have had one or two of them pris- 
oners, was, for that it is a thing most notorious to all the countrey, 
that there is a Province to the which the said Mangoaks have recourse 
and trafique up that river of Monatoc (Roanoke) which hath a mar- 
veilous and most strange Minerall. This mine is so notorious amongst 
them as not only to the savages dwelling up the said river and also to 
the savages of the Chawanook, and all them to the Westward, but also 
to all them of the maine; the countrey’s name is of fame and is called 
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*Jndians who lived in Virginia, near the North Carolina line, 
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““The minerall they say is Wassader which is copper, but they eall 
by the name of wassader every mettall whatsoever; they say it is of 
the colour of our copper, but our copper is better than theirs, and the 
reason is for that it is redder and harder, whereas, that of Chaunis 
Temoatan is very soft and pale. - - - Of this mettall the Man- 
goaks have so great store, by report of all the savages adjoining, that 
they beautify their houses with great plates of the same.” Chaunis 
Temoatan, or the mineral country, was said to be twenty days’ journey 
from the Mangoaks. 

This account contains a variation of the description given the French 
twenty years before, of washing or panning out, but in the English 
account there is a distinct reference to melting or smelting. ‘The Indi- 
ans told Lane that after the material from the stream was caught in a 
bowl it was “cast into a fire, and forthwith it melteth, and doeth yield 
in five parts at the first melting, two parts of mettall for three parts of 
oare.” It is impossible to understand this statement as it stands. It 
may possibly have referred to the use of fire in getting out the mica, or 
may have been a tradition of some Spanish operations obscured by 
time and confused by interpretation. The story survived into the next 
century. The English, however, did not see this operation, nor did 
they see any “ greate plates” of copper. The only things of the kind 
were small, probably like those found in graves and mounds. ‘ An 
hundred and fifty miles into the maine,” Lane continues, ‘in two towns 
we saw divers smail plates of copper, that had been made, as we under- 
stood, by the inhabitants that dwell further into the country, where, as 
they say, are mountains and rivers that yield also white grains of 
mettall which is to be deemed silver.” If the Indians had possessed 
large plates the English would doubtless have seen them as well as the 
small, and some of them would have turned up before now, as the 
smaller ones have, in graves. 

That extensive mines really existed in the region indicated by the 
Indians, which produced a peculiar mineral in abundance, will appear 
when we put together the Spanish, French, and English accounts of the 
rumored mineral wealth and the region from which it came, and com- 
pare them with the results of modern discovery. The Spaniards were 
after gold, and learned, as they believed, that it was to be found in the 
Appalachians, because when they asked after a country rich in mineral 
they were referred there. Laudonnicre speaks of a singular mineral 
which was sent to him, which occurred in plates and was found in the 
Appalachians, together with “christal” and slate stone; and Ralph 
Lane hears of a ‘‘marveilous and strange” mineral which occurred in 
large plates with which the Indians adorned their houses. The mine, he 
Says, was “notorious” in the whole country, and was in the mountains 
to the west of Roanoke. This mineral, which was not copper or any 
ore of copper, occurring in large plates which were paler and softer 
than copper, was undoubtedly mica, and the ancient mines which were 
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the cause of the early mining excitement were re-discovered in the 
mountains of North Carolina in 1868. Prof. Kerr, who was State geol- 
ogist of North Carolina, thus describes them: * “There is one point of 
great interest connected with the history of mica-mining in this State 
which it is worth while to refer to in-this connection. This industry 
is not really new here; itisonlyrevived. The present shafts and tunnels 
are continually cutting into ancient shafts and tunnels, and hundreds 
of the spurs and ridges of the mountains, (all over Mitchell County espe- 
cially), are found to be honeycombed with ancient workings of great 
extent, of which no one knows the date or history. In 1868 my atten- 
tion was first called to the existence of old mine holes, as they are 
called in the region. Being invited to visit some old Spanish silver 
mines afew miles south of Bakersville, I found a dozen or-more open 
pits, 40 to 50 feet wide by 75 to 100 feet long, filled up to 15 or 20 of 
depth, disposed along the sloping crest of a long terminal ridge or spur 
of a neighboring mountain. The excavated earth was piled in huge 
heaps about themargins ofthe pits, and the whole overgrown with the 
heaviest forest trees, oaks, and chestnuts, some of them 3 feet or more 
in diameter and some of the largest belonging to a former generation 
of forest growth, fallen and decayed, facts which indicate a minimum 
of not less than three hundred years. There is no appearance of a mineral 
vein and no clew to the object of these extensive works, unless it was to 
obtain the large plates of mica, or crystals of kyanite, both of which 
abound in the coarse granite rock. - - - Since the development of 
mica-mining on a large scale in Mitchell and the adjoining counties it 
has been ascertained that there are hundreds of old pits and connecting 
tunnels among the spurs and knobs and ridges of this rugged region, 
and there remains no doubt that mining was carried on here for ages 
and in a very systematic and skillful way; for among all the scores of 
mines recently opened, I am informed that scarcely one has turned out 
profitably which did not follow the old workings and strike the ledges 
wrought by those ancient miners. The pits are always open ‘dig- 
gings,’ never regular shafts; and the earth and debris often amount to 
enormous heaps.” 

This description would apply almost word for word to the Lake 
Superior copper diggings. The mineral is taken out in large lumps, 30 
or 50 up to several hundred pounds in weight, which split readily into 
plates or sheets, sometimes 5 feet in diameter, and would cut 16 by 20 
inches. The common forms are 2 or 5 by 4 or 6 inches. All this con- 
firms and explains very fully the seh cnoue of the Spanish, French, and 
English explorers and colonists of the sixteenth century. Mow that 
we know what the mineral or “mettall” was, we understand and can 
explain away the confusion which arose in the inquiry after copper. 
The thing which was valuable to the Indians, so valuable that they 
adorned their dwellings with it and placed it, with other MENA oS in 


“Report ge the Geological cary ey of ‘North Carolina, “ey i; 1815, p. 300. 
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their graves, was naturally prominent in their minds when the strangers 
were inquisitive about riches, and they answered according to their 
‘light. It does not appear that copper was known to the Southern 
Indians except as an article of barter, as it was all along the coast, but 
mica held the place with them in point of production that copper occu- 
pied with the Northern Indians. 

Reviewing, now, the whole evidence —historical, mineralogical, and, 
to a slight extent, archeological—it appears that when this continent 
was revealed to Europeans the natives of the country were in the full 
neolithic period, but were using copper to a slight extent. They were 
probably mining it in a desultory way in the Keweenaw workings just 
as they were mining mica in the mountains of North Carolina. How 
long this had been going on it is impossible to say. The metal was 
principally used for ornamental purposes in the South, where it was 
searee, but where it was plentiful, in the North, and particularly toward 
the center of production, it was put to a practical use. There is at 
present no evidence that the Indians had any knowledge of smelting, 
which art is necessary to a real metal age. The progress from stone, 
through copper, to bronze could hardly be expected on the northern and 
eastern parts of this continent, because there was no tin available in 
the northern and eastern parts of the country with which to make 
bronze. To be sure the Indians had distant neighbors in Mexico and 
Central and Southern America, some of whom possessed the rudiments 
of smelting and were in an incipient bronze ‘‘age,” from whom a knowl- 
edge of smelting, whereby copper could be obtained from its ores,, 
might possibly have been acquired in the course of centuries by the: 
slow process of aboriginal intercourse, if all native industrial develop- 
ment had not been interrupted by the intervention of Europeans. As: 
it was, however, it seems clear that metallurgy was not known among: 
the North American Indians when this continent was discovered. 


THE POLYNESIAN BOW.* 


By E. TREGEAR. 


Perhaps one of the most puzzling problems known to anthropologists 
is to account for the apparent dislike shown by the fair Polynesians 
for the use of the bow and arrow. They found the mighty-weapon of 
the archer in the hands of almost every Melanesian or Papuan inhabi- 
tant of the neighboring islands; they had experience of its fatal powers, 
and yet, except in the case of the Tongans, the weapons appeared to 
be viewed with disfavor and neglect. 

The bows used by the Tongans in the days of Cook were slight and 
by no means powerful instruments. Hach bow was fitted with a single 
arrow of reed, which was carried in a groove cut for that purpose along 
the side of the bow itself. By the time that mariner arrived among 
these islanders, in 1806, they had possessed themselves of more power- 
ful bows and arrows, probably procured from Fiji or imitated from 
Fijian weapons, as constant intercourse of either warlike or pacific 
character was then going on between the Friendly and Fijian islands. 
Moreover, they had also procured guns at that epoch. 

The Hawaiian weapons were spears, javelins, clubs, stone axes, 
knives, and slings; the use of the bow being confined to rat shooting. 
The Tahitians used the bow only as a sacred plaything; the bows, 
arrows, quiver, etc., being kept in a certain place in charge of appointed 
persons and brought out on stated occasions. The arrow was not 
aimed at a mark, but merely shot off as a test of strength and skiil, 
one archer trying to shoot farther than another. The Samoans did — 
not use the bow, but fought with the club and spear, the sling being 
the missile weapon, as it also was in the Marquesas. 

In regard to New Zealand, the subject has been handled at any 
length only by two writers. The first was Mr. C. Phillips, whose 
paper appeared in the Transactions of the New Zealand Institute, vol. 
x,p.97. The article did not deal with the bow proper so much as with 
the weapon known to the Maoris as kotaha, which consists of a stick 
and whip with which a spear is thrown. Mr. Phillips made some 
incidental remarks on this paper, which provoked Mr. Coienso to reply 
in an article published in the Transactions of the New Zealand Institute, 
vol. XI, p. 106. 


*From The Journal of the Polynesian Society (Wellington, New Zealand), for April, 


Baie i . 56-59. 
1892; Vol. 1, pp 199 
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Mr. Colenso’s argument, briefly summarized, refers to the subject as 
follows. He considers— 

First. That the bows and arrows found in the hands of Maori children 
were probably imitated from models shown to them by Tupaea, the 
Tahitian interpreter brought to New Zealand by Capt. Cook, or, per- 
haps, from models shown by foreigners, some of whom—notably a 
Hindoo, a Marquesan, and a Tahitian—were resident among the Maoris 
when the Rev. Mr. Marsden arrived in 1814. 

Second. That neither Tasman, Cook, Parkinson, Forster, Crozet, 
Polack, Cruise, Nicholas, Marsden, nor any other of the early visitors 
to New Zéaland mention seeing the bow or hearing of its use. That 
Mr. Colenso himself, in his frequent journeys about the country (in 1834) 
and continual listenings to stories of war, never heard of the bow 
being used in combat. 

Third. That there is no mention in old legends of the bow being 
used as a weapon, either in the stories of the destruction of monsters, 
the deaths of chiefs in battle, or in the lists of arms, although these. 
lists are given with great fidelity and attention to detail. 

Of these three divisions, the first is not scientifically decisive. It is 
possible, and even probable, that the Maoris were taught the use of 
the bow by early visitors, but it can not now be proven. The bow 
might have been kept as a childish toy, although not used as a 
weapon; exactly, for exainple, as with the modern English, with whom 
bows and arrows are playthings, although but a few years ago (ethno- 
logically speaking) they were the national weapons. 

The second argument is from negative evidence. There may have 
been bows and arrows in New Zealand, and yet they may not have 
been produced or spoken of in the presence of new-comers; but that 
such a reticence occurred is most improbable, and, although the evi- 
dence 1s negative, it is of great value. Few impartial people will 
belive that the bow was a weapon of the New Zealander during the last 
century if no explorer or missionary saw or heard of it.* 

The third argument is an exceedingly important one. If in the lists 
of weapons mentioned in New Zealand tradition the bow has no place, 
the conviction left in the minds of most Maori scholars wiil be that the 
omission marks the absence of the bow itself from Maori knowledge.t 

Time, however, has a modifying effect on opinion, and the one thing 
certain to come to the interested student of anthropology is a wonder- 
ing faith in the power of Time to dissolve and form and redissolve not 


*In the Auckland Weekly News of April 16, 1892, is an account of.an old Pakeha- 
Maori named John Harmon, who came to New Zealand a child in 1805, and is now 
dead. ‘‘He told a tale of a battle between the Ngati-whatua and the Ngati-maru in 
the Thames Valley which was fought out with bows and arrows.” It would per- 
haps be well if some member of this Society resident among either of these tribes 
would make inquiries among the old men as to what circumstance gave rise to Har- 
mon’s story. 

+On the other hand, I do not know of any list of weapons or legend of monster- 
killing which includes the kolaha as a weapon. Yet I am informed by Mr. Perey 
Smith that not only was he shown an old ruined pa which was conquered by spears 
or darts thrown more than a quarter of « mile by means of the “whip,” but that he 
k nows that they were in use at least two hundred years ago. 


we 
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only the tribes of the earth, but our knowledge concerning them. I 
received lately a letter from a friend in the north of the North Island 
of New Zealand, who informed me that in digging a drain upon his 
property at Mangapai he came upon a,bow in a perfect state of preser- 
vation. It was lying in a bed .of sandy clay, the surface of which was 
apparently undisturbed and virgin. The finder proceeded (in the usual 
fashion which horrifies archeologists) to clean his treasure trove; but, 
luckily, before he had finished his work of scraping and oiling the bow, 
a friend interfered, and the original soil adheres to a portion of the 
weapon. 

I have deposited the bow in the Museum for safe-keeping. It is 6 
feet 43 inches in length; in shape resembling the bows of Fiji, the New 
Hebrides, and other Melanesian islands. It is almost certainly a war- 
bow, and it would try the strength of an athletic man to draw an arrow 
to the head upon so stiff an are. It was unaccompanied by any relies 
whatever. 

Several methods of accounting for the deposit of the bow in the 
locality might be suggested. It might have been buried in modern 
times by a European or by a visiting native of the South Sea islands. 
This is improbable, as the weapon must have been of some value to its 
owner, and is too large to have been easily lost. Again, the bow, if 
not a Maori weapon, might have belonged to some prehistoric inhabi- 
tant. There seems to be a concensus of tradition that the Polynesian 
and Malayan islands were once peopled by races exterminated or 
driven inland by the present occupiers of the seaward positions. In 
New Zealand many scholars believe that the Maori immigration dis- 
possessed a people then in occupation.* If, on further testing, the bow 
should be found to be of Melanesian pattern, but of New Zealand wood, 
it would strengthen the theory that a people of Melanesian origin once 
occupied this country. 

The évidence brought forward by Mr. Colenso in his paper makes it 
almost certain that no Maori within historical times has used the bow 
as aweapon. But did the ancient Maori use the bow? If we turn to 
comparative philology the answer is probably in the affirmative. The 
evidence stands thus: 


MALAYSIA. Cajeli, panah, a bow. 
tMalay, panah, a bow. Massaratty, panal, a bow. 
Java, panah, a bow. Ahtiago, banah, a bow. 
Bouton, opana, a bow. Baju, panah, a bow. 
Salayer, panah, a bow. Magindano, pana, an arrow. 


Monthly Review (Wellington, New Zealand, Lyon and Blair), vol. u, pp. 585 and 
517. See also the article on flint arrowheads found near Wellington, by Mr. T. W. 
Kirk, Transactions of the New Zealand Institute, x11, 436. 

tIt is said by Malay scholars that the Malay word panah, ‘a bow,” is connected 
with the Sanscrit word vana or bana, “arrow.” This variation as to bow” and 
‘‘arrow” may be found in the islands; but, if connected with Sanscrit, the word 


“goes ashore” into Asia. 
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Tagal, pana, a bow. Tahiti, fana, a bow; fa’a-fana, to guard 
Bisaya, pana, a bow. | property. 
*Tongan, fana, to shoot; the act of 
MELANESIAN ISLANDS. shooting. 
Nengone, pelna, a bow. Samoan, fana, to shoot; fanau, a bow; 
Aneityum, fana, a bow. aufand, 2» bow; udfana, a volley of 
Rotuma, fan, a bow. arrows. 
Fiji, fana, to shoot with a bow. Hawaiian, pana, a bow; to shoot as an 
Fiji, vana, to shoot. | arrow; panapua, an archer. 
Eddystone Island, wnbana, an arrow. | Rarotongan, ana, a bow (dialect drops f 
New Britain, panah, a bow. and wh). 
Santa Cruz, nepna, an arrow. Marquesan, pana, a bow. 
Florida, vanahi, to shoot. Futuna, fana, a bow; to hunt. 


In these comparatives we have evidence in a direct chain through 
the Malay, Melanesian, and Polynesian islands of a clearly marked 
word fana or pana, as “bow,” the probable root being ¥ FAN or 
v¥ PHAN. In New Zealand the equivalent for the Polynesian J’ is 
WH (as fare, “a house,” becomes whare, ete.); consequently we must 
expect to find the word as whana. The Maori word whana means “to 
recoil or spring back as a bow;” “a spring made of a bent stick, as a 
trap.” When we compare the compound words, tawhana, bent like a 
bow; kowhana, bent, bowed; korowhana, bent, bowed, etc., there can 
be little doubt but that whana originally with the Maori meant what 
it did with all other Pacific islanders, viz, “a bow,” and that they 
knew its use asa weapon. Just as the Maori words anatiatia, tawrua, 
etc., for the double canoe or outriggered canoe prove former use, even 
though the modern Maori knows nothing of such vessel. The other 
Maori forms, pana, “to thrust away,” and panga, “to throw,” have 
taken slightly divergent meanings. . 

The Maori word pewa, meaning “arched, bow-shaped,” and “the 
eyebrows” (with its compound, koropewa, “a loop or bow”) also proba- 
bly signified a weapon. Pera has been preserved as “bow” by the 
Motu people cf New Guinea (a Polynesian colony among Papuans), but 
may be a foreign word, since it has no universality in the Pacific as 
fana has. 


*On page 61 of Mr. Codrington’s ‘‘Malanesian Languages” appears a note by Mr. 
Fison as to the Tongans having got the word fana with the bow from Fiji. No 
authority is greater with regard to Melanesian speech than is the opinion of Mr. 
Fison, but I believe in this matter that he had been misled by his native informant. 
In the first place, the bow had been in use long before the lifetime of the native in 
question began, and this makes the etymology of the name beyond his knowledge 
except as a guess; and, in the second, the wide distribution of the word among 
Polynesians makes it probable that the Tongans used the same word as the rest of 
their nation, and did not need to borrow from Fiji. 
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is 


“Oh! yes; I understand it all now. Electricity is the «ther;” or, 
“Yes; it’s just like everything else: electricity is a vibration.” These 
are the remarks one hears made by those who think that a few scat- 
tered words picked up at a popular lecture make things quite clear. 
It is no doubt unfortunate that repeating a form of words is a different 
matter from understanding them, and still more different from under- 
standing the subject they are intended to explain. In this case there 
is the added misfortune that the form of words is not accurately 
repeated, and in its inaccurate form does not mean what is true. It is 
often hardly vorth while remarking this to those who make these state- 
ments, because the words convey to them little or no signification, and 
are to them as true as any other unmeaning sentence. The connection 
between electricity and the ether is certainly not, as far as is known, 
well described by saying that “ electricity is the wether,” and we can not 
say with any certainty that electricity is or is not a vibration. Hertz’s 
experiments have given an experimental proof of Maxwell’s theory that 
electrical phenomena are due to the ether, and Herzt’s experiments 
deal with vibraticns. One can not however say, because the pressure 
of 15 pounds per square inch exerted by the atmosphere is due to the 
air, that therefore “pressure is the air”; nor even, because a person 
who studied the properties of the air had studied them by means of 
sounds propagated through it, can one assert that “ pressure is a vibra- 
tion.” It is to be hoped no one will now assert that “electricity is 
pressure.” The example is given to illustrate the absurdity of the state- 
ments made as deductions from recent experiments, and not to teach 
any newtheory. And yet one comes across people who, after listening 
to an interesting lecture Lord Rayleigh might give, illustrated by Mr. 
Boys’s. sound-pressure meter, would make the above statements, and 
really think they understood them. 

The subject is very difficult; one that has engaged the attention of 
thoughtful and clever men for many years, and is still in many parts, 
even to the most acute, shrouded with difficulties, uncertainties, and 
things unknown, so that nobody need be the least ashamed of not fol- 


*From Nature, April 9, 1891; vol. xii, pp. 5386-538; and May 7 and 14, 1891; vol. 


XLIV, pp. 12-14, and 31-35. ane 
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lowing even as far as others can go into this wonderful region, If the 
present articles can give to most who read them glimpses which un- 
fold intelligible ideas of even the outskirts of this region, it is all that 
any writer can reasonably expect who is not one of those masters of 
exposition who combine the highest scientific and literary abilities. 

Consider for a minute the question at issue. That electric and mag- 
netic phenomena are due to the same medium by which light is propa- 
gated—that all-pervading medium by whose assistance we receive all 
the energy on this earth that makes life here possible, by which we 
learn the existence of other worlds and suns, and analyze their strue- 
tures and read their histories; that medium which certainly pervades 
all transparent bodies, and probably all matter, and extends as far as 
we know of anything existing: this wonderful all-_ pervading medium is 
the one we use to push and pull with when we act by means of electric 
and magnetic forces; and remember that we can pull molecules asunder 
by this means as well as propel trains and light our houses. The forces 
between atoms are controlled by this all-pervading-medium, which 
directs the compass of the mariners, signals around the globe in times 
that shame e’en Shakespeare’s fancy, rends the oak, and terrifies crea- 
ation’s lords in the lightning flash. Itwas a great, discovery that proved 
all concord of sweet sounds was due to the medium that supplies the 
means of growth to animals and plants, and deals destruction in the 
whirlwind; and yet the 80 miles depth of our air is but an infinitesimal 
film compared with the all-pervading illimitable ether. 

That there is a medium by which light is transmitted in a manner 
somewhat analogous to that by which the air transmits sound has been 
long held proved. Even those who held that light was due to little 
particles shot out by luminous bodies were yet constrained to super- 
pose a medium to account for the many strange actions of these parti- 
cles. Now, no one thinks that light is due to such particles, and only a 
very few of those who have really considered the matter think that it can 
be due to air, or other matter such as we know. How does light exist 

_for those eight minutes after it has left the sun and before it reaches 
the earth? Between the sun and earth there is some matter, no doubt, 
but it is in far-separated parts. There are Mercury and Venus, and 
some meteors and some dust no doubt, and wandering molecules of 
/arious gases, many yards apart, that meet one another every few days, 
perhaps, but no matter that could pass on an action from point to point 
at a rate of thousands of miles each second. Some other medium must 
be there than ordinary gross matter. Something so subtle that the 
planets, meteors, and even comets—those wondrous fleeey fiery clouds 
rushing a hundred times more quickly than a cannon-ball around the 
sun—are imperceptibly impeded by its presence, and yet so constituted 
as to take up the vibrations of the atoms in these fiery clouds and send 
them on to us a thousand times more rapidly again than the comet 
moves, to tell us there is a comet, and teach us what kinds of atoms 
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vibrate in its tail. How can a medium have these contrary properties? 
How can it offer an imperceptible resistance to the comet, and yet take 
up the vibrations of the atoms? These are hard questions, and science 
has as yet but dim auswers to them, hardly to be dignified by the name 
of answers—rather dim analogies to show that the properties supposed 
to co-exist, though seeming contradictory, are not so in reality. 

One of the most beautiful experiments man knows—one fraught 
with more suggestions than almost any hundred others—is that by 
which a ring of air may be thrown through the air for many yards, and 
two such rings may hit, and shivering, rebound. These rings move 
in curved paths past one another with almost no resistance to their 
motion, urged by an action not transmitted in time from one ring to 
another, but, like gravitation, acting wherever a ring may be, and yet 
the air through which they move can take up vibrations from the rings 
showing thus that there is no real contradiction between the properties 
of things moving through a medium unresistedly in certain paths round 
one another, and yet transmitting other motions to the medium. This 
same air can push and pull, as when it sucks up waterspouts and deals 
destruction in tornadoes. Hence there seems no real contradiction 
between a medium that can push and pull and transmit vibrations, and 
yet offer no resistance to such fragile, light, and large-extended things 
as rings of air. 

It is important to understand something about the properties that 
this medium must have in order to explain light, electricity, and mag- 
netism, because there is no use expecting a medium to possess contra- 
dictory properties. It is also weli to recollect that for about two hun- 
dred years the existence of a medium by which light is propagated has 
been considered as certain, and that it would be very remarkable if 
this medium, which can be set in vibration by material atoms, acted 
on matter in no other way. It seems almost impossible but that a 


: medium which is moved by atoms, and which sets them into motion, 


should be able to move such armies of atoms as we deal with in material 
bodies. ven if we knew nothing of electricity and magnetism, it 
would be natural to look for some important phenomena due to the 
action of this medium on masses of matter. The mediuin is a vera causa, 
and if it can be shown that the same set of properties by which electric 
and magnetic forces are explained will also enable it to transmit vibra- 
tions that have all the properties of light, it will surely be beyond a 
doubt but that these electric and magnetic actions are those very ones 
we would naturally expect from the medium that propagates light. 
Clerk Maxwell some years ago showed that this was so, but as far as 
any facts known at that time could prove, there were other theories of 
electric and magnetic actions which explained their known phenomena 
without the intervention of a medium. The matter stood somewhat 
thus: The older theories of electric and magnetic force explained all 


phenomena then known. These older theories assumed that electric 
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and magnetic forces were propagated instantaneously throughout 
space; that if the sun became electrified it would instantaneously 
begin to induce electricity on the earth; that there would be no delay 
of eight minutes, such as occurs between a light occurring on the sun 
and its acting on the earth. Similarly in the case of magnetic actions, 
they were supposed to be propagated instantaneously throughout 
space. It was, no doubt, known that it took time for an electric signal 
to be transmitted along a conducting cable. This is however a very 
much more complicated problem than the simple one of supposing a 
body surrounded by a non-conductor to be electrified. Will it or will 
it not instantaneously act on all conductors in space, and begin to in- 
duce electrification on them? As far as was known such actions as 
this, actions through non-conducting space, were instantaneous. Such 
an instantaneous action could not be transmitted by the air. Air can 
not send on from point to point any effect more rapidly than a molecule 
of air can moving carry it forward, and that is only a little faster than 
the velocity of sound; and there was every reason to know that electric 
induction through air was propagated much more rapidly than that- 
There was every reason to believe that electric and magnetic forces 
acted without any material intervention. 

In fact, in these older theories there was no thought of any medium 
to transmit the actions; if was supposed that electricity acted across 
any intervening space instantaneously. There is no real difficulty in 
such a supposition. As far as we know gravitation is just such an 
action, and as far aS was then known there was no experiment that 
disproved the supposition in the case of electric and magnetic actions. 
It was known that no experiment had ever been devised that could test 
whether this action was instantaneous or whether it was propagated 
at arate such as that of light. It was known that this action was 
enormously more rapid than sound, but as light goes about 300,000 
times as fast as sound there was plenty of spare velocity. These older - 
theories explained all that was known, and they supposed nothing as 
to the existence of an intervening medium. Any theory that assumed 
that induction was not instantaneous, but that energy having been 
spent on electrification at one place work would be done at another 
after some time, as in the case of light generated on the sun not reach- 
ing the earth for eight minutes, any theory that assumed such a dis- 
appearance of energy at one place and its re-appearance at another 
after the lapse of some time must assume some medium in which the 
energy exists after leaving the one place and before it reaches the 
other. <A theory that only supposes instantaneous action throughout 
space need not assume the existence of a medium to transmit the action, 
but any theory that supposes an action to take time in being trans- 
mitted from one place to another must assume the existence of a 
medium, Now, Maxwell’s theory assumed the existence of a medium, 
aud along with that led to the conclusion that electric and magnetic 
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actions were not propagated instantaneously, but were propagated 
with the velocity of light. According to his theory an electric disturb- 
ance occurring on the sun would net produce any effeet on the earth 
for about eight minutes after its occurrence on the sun. No experi- 
ments were known to test the truth of this deduction until the genius 
of Hertz brought some of the most beautifully conceived, ingeniously 
devised, and laboriously executed of experiments to a brilliantly sue: 
cessful conclusion, and demonstrated the propagation of electric and 
magnetic actions with the velocity of light, and thereby proved experi- 
mentally that they are due to that same wonderful, all-pervading 
medium by means of which we get all the energy that makes life here 
possible. % 

The problem to be solved was, are electric and magnetic actions propa- 
gated from place to place in a finite time, or are they simultaneous 
everywhere? How can experiments be made to decide this? Consider 
the corresponding problem in sound. What methods are there for de- 
termining the rate at which sound is propagated? An experiment that 
measures the rate can tell whether that rate is finite or whether it is 
infinitely great. There are two important methods employed for meas- 
uring the velocity of sound. The second is really only a modification 
of the first direct method, as will be seen. The direct method is to make 
a sudden sound at a place and to find how long afterward it reaches 
a distant place. In this method there is required some practically in- 
stantaneous way of communicating between the two places, so that the 
distant observer may know when the sound started on its journey. A 
modification of the method does not require this. It depends on the 
use of reflection. Ifa sound be made at a distance from a reflecting 
surface, the interval of time between when the sudden sound is made and 
when the reflected sound (the echo) returns, is the time the sound took 
to travel,to the reflector and back again. A well-known modification 
of this method can be applied if we can secure a succession of sudden 
sounds, such as taps, at accurately equal intervals of time. We origi- 
nate such a regular succession of taps, and alter the distance from the 
reflector until each reflected tap occurs simultaneously with the succeed- 
ing incident tap. Or if the distance at which we can put the reflector 
be sufficiently great, we may arrange it to be such that a reflected tap 
is heard simultaneously with the second, third, fourth, or any desired 
succeeding tap. The coincidence of the taps with their reflections can 
be fairly accurately observed, and a fairly accurate estimate formed of 
the velocity of sound, 7. e., the velocity at which a compressing or rare- 
fying of the air is propagated by the air. Instead of altering the dis- 
tance of the source of sound from the reflector, we may ourselves move 
about between the source and the reflector, and we can find some places 
where the reflected taps occur simultaneously with the incident taps, 
and some places where they occur between the incident ones. This 1s 
pretty evident, for if we start from the source toward the reflector, as 
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we approach it we get the reflected taps earlier and the incident ones’ 
later than when we were at the source. How far must we go toward 
the reflector in order that the original and reflected taps may again ap- 
pear simultaneous? We must go half the distance that a tap is propa- 
gated during the interval between two taps—half the distance, because 
in going away from the source we are approaching the reflector and so 
make a double change—we not only get the original ones later, but we 
also get the reflected ones earlier, and so coincidence will have again 
been reached when we have gone half the distance between any pair 
of compressions travelling in the air. Now, if the taps succeed one 
another slowly, the distance in the air between any two of them trav- 
elling through it will be considerable; any one of them will go a con- 
siderable distance from the source before its successor is started after 
it. If, on the contrary, they succeed one another rapidly, the distance 
between the travelling taps will be small. 

In general, if v be the velocity with which a tap travels, and ¢ be 
the interval of time between successive taps, the distance apart of the 
taps travelling in the air will be A=vt. By arranging, then, that the 
taps Shall succeed one another very rapidly, @. e., by making ¢ small, 
we can arrange that A may be small, and that consequently the ais- 
tance between, our source of sound and the reflecting wall may be 
small too, and yet large enough to contain several places at distances 
of 4A apart between the source and the reflector where the incident 
and reflected taps occur simultaneously. Now, a very rapid succes- 
sion of taps is to us a continuous sound, and where the incident and 
reflected taps coincide we hear simply an increased sound, while at 
the intermediate places where the incident taps occur in the inter- 
vals between the reflected taps we do not hear this effect at all. In 
the case of a succession of sharp taps we would hear in this latter 
place the octave of the original note, but if the original series be, 
instead of taps, a simple vibration of the air into and out from the 
reflector, the in and out motions of the incident waves will in some 
places coincide with the in and out motions of the reflected wave, and 
then there will be an increased motion, while at intermediate places 
the in and out motions of the incident wave will coincide with the 
out and in motions of the reflected wave, and no motion, or silence, 
will result, so that at some places the sound will be great and at inter- 
mediate places small. 

This whole effect of having an incident and reflected wave travel. 
ling simultaneously along a medium can be simply and beautifully 
illustrated to the eye by sending a succession of waves along a chain 
or heavy limp rope or an India-rubber tube fixed at the far end so as 
to reflect the waves back again. It will then be found that the 
chain divides up into a series of places where the motion is very 
great, called loops, separated by points where the motion is very 
small, called nodes. The former are the places where the incident and 
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reflected motions reinforce, while the latter are where these motions 
are opposed. If we measure the distance between two nodes, we know 
that it is half the distance a wave travels during a single vibration of 
the string, and so can calculate the velocity of the wave if we know 
the rate of vibration of the string. This is the second method men- 
tioned above for finding the velocity of sound. There are so many 
things illustrated by this vibrating chain that it may be well to dwell 
on it for a few moments. We can make a wave travel up it, either 
‘rapidly or slowly, by stressing it much or little. If a wave travels 
rapidly, we must give it a very rapid vibration if we wish to have 
many loops and nodes between our source and the reflector; for the 
distance from node to node is half the distance a wave travels during 
a vibration, and if the wave goes fast the vibration must be rapid, or 
the distance from node to node will be too great for there to be many 
of them within the length of the chain. 

Another point to be observed is the way in which the chain moves 
when transmitting a single wave and when in this condition of loops 
and nodes, 7. é., transmitting two sets of waves in opposite directions. ° 
There are two different motions of the parts of the chain it is worth 
considering separately. There is in the first place the displacement 
of any link up or down, and in the second place there is the rotation 
of a link on an axis which is at right angles to ths up and down 
motion. Now, when waves are going up the chain those links are 
rotating most rapidly which are at any tinemost displaced; it is the 
links on the tops and bottoms of waves that are rotating inost rapidly. 
On the other hand, in the case of loops and nodes the links in the 
middle of loops never rotate at all; they are much displaced up and 
down, but they keep parallel to their original direction all the time, 
while it is the links at the nodes where there is no displacement up 
and down that rotate first in one direction and then back again; 
there iswin the loops and nodes condition, a separation of the most 
rotating and the most displaced links which does not occur in the 
simple wave. There is a corresponding relation between the most 
rotated and the most rapidly moving links. These are the same 
links halfway up the simple waves, but in the loops and nodes the 
most rapidly moving links never rotate at all, while those at the 
nodes that get most rotated are not displaced at all. These remarks 
will be seen hereafter to throw light on some of the phenomena ob- 
served in connection with Hertz’s experiments; hence their importance. 

It will be observed that the method of measuring the velocity at 
which a disturbance is propagated along a string, and which depends 
on measuring the distance between two nodes, is really only a modifica- 
tion of the direct method of finding. out how long a distvrbance takes 
to go from one place to another; it is one in which we make the waves 
register upon themselyes how long they took, and so does not require 
us to have at our disposal any method of sending a message from one 
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place to another more quickly than the waves travel, and that is very 
important when we want to measure the rate at which disturbances 
travel that go as fast as light. If the wave travels very fast, we must 
have a very rapid vibration, unless we have a great deal of space at 
our disposal; for the distance between two nodes is half the distance 
the wave travels during one vibration, and so will be very long if the 
wave travels fast, unless the time of a vibration be very short. 
Hence, if we wish to make experiments in this way, in a moderate. 
sized room, on a wave that travels very fast, we must have a very 
rapid vibration to start the waves. 


iI. 


In the preceding article a general method of measuring the velocity at 
which a disturbance is propagated was described. It depended on be- 
ing able to produce a regular succession of disturbances at equal inter- 
vals of time. These were made to measure their own velocity by 
reflecting them at an obstacle. Then, by the interference of the inci- 
dent and reflected waves, a succession of loops and nodes are produced 
at intervals of half the distance a disturbance is propagated during 
the time between two disturbances. It is a general method applicable 
to any sort of disturbance that takes time to get from one place to 
another. It has been applied over and over again to measure the rate 
at which various kinds of disturbance are propagated in solids, liquids, 
and gases; it was applied in a modified form years ago, to measure the 
length of a wave of light; and, within the last year, some of the most 
beautiful experiments on photography ever described are applications 
of this principle by Herr Wiener and M. Lippman. 

There are three things essential tothis experiment: (1) Some method 
of originating waves; (2) some method of reflecting them; (3) some 
method of telling where there are loops and where there are nodes, 
We will take them in this order: 

(1) How can we expect to originate electric waves? If, when a body 
is electrified positively, the electric force due to it exists simultane- 
ously everywhere, of course we can not expect to produce anything like 
a wave of electric force travelling out from the body; but if, when a 
body is suddenly electrified, the electric force takes time to reach a 
place, we must suppose that it is propagated in some way as a wave of 
electric force from the body to the distant place. This of course 
assumes that there is a medium which is in some peculiar state when 
electric force exists init, and that it is this peculiar state of the medium 
which we call electric force, existing in it, that is propagated from one 
place to another. It must be carefully borne in mind what sort of a 
thing this is that we call the electric force at any place. It is nota 
good name,—electric intensity would be a better one; but electric force 
has come so much into use it is hardly to be expected that it ean be 
eradicated now, Electric force at any place is measured by the 
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mechanical force that would be exerted at the place if a unit quantity 
of eleetricity were there. It is not a force itself at all; it is only a 
description of the condition of the medium at the place which makes 
electricity there tend to move. The air near the earth is in such a con- 
dition that everything immersed in it tends to move away from the 
earth with a force of about 1.26 dynes for each cubic centimeter of the 
body, 7. e. each cubic centimeter tends to move with a force of 1.26 
dynes. Now, the condition of the air that causes this is never described 
as volume force existing at the place, though we do describe the corre- 
sponding condition of the «ther as electrie force existing there; and as 
volume force existing would be a very objectionable description of the 
condition of the air, when being at different pressures at various levels, 
it tends to make bodies move with a force proportional to their vol- 
ume, So electric force existing is a very objectionable description of the 
condition of the wether, whatever it is, that tends to make bodies move 
with a force in proportion to their electric charges. We know more 
about the structure of the air than we do about the ether. We know 
that the structure of the air that causes it to act in this way is that 
there are more molecules jumping about in each cubic centimeter near 
the earth than there are at a distance, and we do not know yet what 
the structure of the «ther is that causes it to act in this remarkable 
way; but even though we do not know the nature of the structure, we 
know some of its effects, by means of which we can measure it, and we 
can give itaname. Although we know very little indeed about the 
structure of a piece of stressed india rubber, yet we can measure the 
amount of its stress at any place, and can call the india rubber in this 
peculiar condition ‘stressed india rubber.” As a matter of fact, we 
know a great deal more about the peculiar condition of the wether that 
we describe as “electric force” existing, than we do about the 
“stressed india rubber ;” and there is every reason to suppose that the 
structure of the ether is, out of all comparison, more simple than that 
of india rubber. 

When sound-waves travel through the air, they consist of compres- 
sious followed by rarefactions, and between them the pressure varies 
from point to point, so that here we have travelling forward a structure 
the same as that of the air near the earth, and waves of sound might 
be described as consisting of a succession of positive and negative 
“ volume forces” travelling forward in the air; this form of expression 
would no doubt be objectionable, but still if all we knew about the 
properties of the air near the earth was that it tended to make bodies 
move away from the earth with a force proportional to their volume, it 
is quite likely that this condition of affairs near the earth might have 
been described as the existence of a ‘‘ volume force” near the earth, 
and when it was discovered that this action was due to a medium, the 
aic, it would have been quite natural to describe this state of the air as 
‘volume force” existing in it; and then when waves of sound were ob- 
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served it would be quite natural that they should be described as 
waves of “volume force,” especially if the only way in which we could 
detect the presence of these waves was by observing the force exerted 
on bodies immersed in it, which was proportional to their volumes, and 
which we happen to know is really due to differences of pressure at 
neighboring points in the air. We do not know what is the structure 
of the «ther that causes it to exert force on electrified bodies, but we 
know of the existence of this property, and when it is in this state we 
say that ‘electric force” exists in it, and we have certain ways by 
which we can detect the existence of “electric force,” one of which is 
the production of an electric current in a conductor, and the consequent 
electrification of the conductor, and if this is strong enough we can 
produce an electric spark between it and a neighboring conductor. 
When a conductor is suddenly electrified, the structure of the ether 
which is described as eleetric force existing in it travels from its neigh- 
borhood through the surrounding ether, and this is described as a 
wave of electric force travelling through the surrounding ether. It is 
desirable to be quite clear as to what is meant by the term a wave of 
electric force and what we know about it. We know that itis aregion 
of ether where its structure is the same as in the neighborhood of elec: 
trified and some other bodies, and owing to which force is exerted on 
electrified bodies, and electric currents are produced in conductors. 

We may then reasonably expect that, if it is possible to electrify a 
body alternately positively and negatively in rapid succession, there 
will be produced all round it waves of electric force—that is, if the 
electric force is propagated by, and is due to, a medium surrounding 
the electrified body, if electrification is a special state of the medium 
that fills the space between bodies. 

(2) The next question is: How canwe reflect these waves? In order 
to reflect a wave, we must interpose in its way some body that stops it. 
What sort of bodies stop electric force? Conductors are known to act 
as complete screens of electric force, so that-a large conducting sheet 
would naturally be suggested as the best way to reflect waves of elee- 
tric force. Reflection always occurs when there is a change in the 
nature of the medium, even though the change is not so great as to 
stop the wave, and it has long been known that, besides the action of 
conductors as screens of electric force, different non-conductors act 
differently in reference to electric force by differing in specific inductive 
capacity. Hence we might expect non-conductors to reflect these 
waves, although the reflection would probably not be so intense from 
them as from conductors. Hence this question of how to reflect the 
wayes is pretty easily solved. All this is on the supposition that there 
really are waves. If electric force exist everywhere simultaneously, 
of course there will be no waves to reflect, and consequently no loops 
and nodes produced by the interference of the incident and reflected 
waves, 
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(3) The third problem is: How can we expect to detect where there 
are loops and where there are nodes? Reeall the effects of electric force. 
It tends to move electrified bodies. If then an electrified body were 
placed in a loop it would tend to vibrate up and down. This method 
may possibly be employed at some future time, and it may be part of 
the cause of photographic actions, for these have recently been conclu- 
sively proved to be due to electric force; but the alternations of electric 
force from positive to negative that have to be employed are so rapid 
that no body large enough to be easily visible and electrified to a reason- 
able extent could be expected to move sufficiently to be visibly dis- 
turbed. It is possible that we may find some way of detecting the 
vibrations hereby given to the electrified ions in an eleetrolyte; and 
it has recently been stated that waves originated electrically shake the 
elements in sensitive photographic films sufficiently to cause changes 
that can be developed. The other action of electric force is to produce 
an electric current in a conductor and a resultant electrification of the 
conductor. Two effects due to this action have actually been used to 
detect the existence of the wave of electric force sent out by a body 
alternately electrified positively and negatively. One of these is the 
heating of the conductor by the current. Several experimenters have 
directly or indirectly used this way of detecting the electric force. The 
other way, which has proved so far the most sensitive of all, has been 
to use the electrification of the conductor to cause a spark across an 
air space. This is the method Hertz originally employed. A priori, 
one would not have expected it to be a delicate method at all. It takes 
very considerable electric forces to produce visible sparks. On the 
other hand, the time the force need Jast in order to produce a spark is 
something very small indeed, and hitherto it has not been possible to 
keep up the alternate electrifications for more than a minute fraction of 
a second, and this is the reason why other apparently more promising 
methods have failed to be as sensitive as the method of producing 
sparks. If two conductors be placed very close to one another in 
such a direction that the electric force is in the line joining them, their 
near surfaces will be oppositely electrified when the electric force 
acts on them, aud we may expect that, if the force be great enough 
and the surfaces near enough, an electric spark will pass from one to 
the other. This is roughly the arrangement used by Hertz to detect 
whether there are loops and nodes between the originator of the waves 
and the reflector. 

Now arises the problem of how to electrify the body alternately posi- 
tively and negatively with sufficient rapidity. How rapid is “ with suffi- 
cient rapidity?” To answer this we must form some estimate of how rap- 
idly we may expect the waves to be propagated. According to Maxwell’s 
theory they should go at the same rate as light, some 800,000,000. of 
meters per second, and it is evident that if we are going to test Maxwell’s 
theory we must make provision for sufficiently rapid electric vibrations 
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te give some result if the waves are propagated at this enormous rate. 
The distance from a node to a node is half the distance a wave travels dur- 
ing a vibration. If we can produce vibrations at the rate of 300,000,000 
per second, a wave would go 4 inetre during a vibration, so that, with 
this enormous rate of alternation, the distance from node to node would 
be 50: We might expect to be able to work on this scale very 
well, or even on ten times this scale, ¢. ¢., with alternations at the rate 
of 30,000,000 per second, and 5 metres from node to node, but hardly 
on a much larger scale than this. It almost takes one’s breath away 
to contemplate the production of vibrations of this enormous rapidity. 
Of course they are very much slower than those of light; these latter 
are more than a million times as rapid; but 300,000,000 per second is 
enormously more rapid than any. audible sound, about a thousand 
times as fast as the highest audible note. A short bar of metal vibrates 
longitudinally very fast, but it would have to be about the thousandth 
of a centimeter long in order to vibrate at the required rate. It would 
be almost hopeless by mechanical means to produce electric alterna- 
tions of this frequency. fortunately there is an electric method of pro- 
ducing very rapid alternate electrifications. When a Leyden jar is 
discharged through a wire of small resistance, the self-induetion of the 
current in this wire keeps the current running after the jar is dis- 
charged, and re-charges it in the opposite direction, to immediately 
discharge back again, and so on through a series of alternations. This 
action is quite intelligible on the hypothesis that electrifications con- 
sists in a strained condition of the ether, which relieves itself by means 
of the conductor. Just as a bent spring or other strained body, when 
allowed suddenly to relieve itself, relieves itself in a series of vibra- 
tions that gradually subside, similarly the strain of the ther relieves 
itself in a series of gradually subsiding vibrations. If the spring 
while relieving itself has to overcome frictional resistance, its vibra- 
tions will rapidly subside; and if the friction be sufficiently great, it 
will not vibrate at all, but will gradually subside into its position of 
equilibrium. In the same manner, if the resistance to the relief of the 
strain of the medium, which is offered by the conducting wire, be 
great, the vibrations will subside rapidly, and if the resistance of the 
wire be too great, there will not be any vibrations at all. 

Of course, quite independently of all frictional and viscous resistances, 
a vibrating spring, such as a tuning-fork that is producing sound-waves 
in the air, which carry the energy of the fork away from it into the sur- 
rounding medium, will gradually vibrate less and less. Inthe same way, 
quite independently o. the resistance of the conducting wire, we must 
expect that, if a discharging conductor produces electric waves, its 
vibrations must gradually subside owing to its energy being gradually 
transferred to the surrounding medium, As a consequence of this the 
time that a Leyden jar takes to discharge itself in this way may be very 
short indeed. It may perform a good many oscillations in this very 
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short time, but then each oscillation takes an exceedingly short time. To 
get some idea of what quantities we are dealing with, consider the rates 
of oscillation which would give wave-lengths that were short enough to 
be conveniently dealt with in laboratories. Three hundred million per 
second would give us waves 1 meter long; consider what is meant by 
100,000,000 per second. Weimay get some conception of it by calculating 
the time corresponding to one hundred million seconds. It is more than 
three years and two months. The pendulum of a clock would have to 
oscillate three years and two months before it would have performed 
as many oscillations as we require to be performed in one secoud. The 
pendulum of a clock left to itself without weights or springs to drive it, 
and only given a single impulse, would practically cease to vibrate after 
it had performed 40 or 50 vibrations, unless it were very heavy, #. ¢., had 
a great store of energy or were very delicately suspended, and exposed 
only a small resistance tothe air. <A light pendulum would be stopped 
by communicating motion to the air after avery few vibrations. Thecase 
of a Leyden jar discharge is more like the case of a mass on a spring 
than the case of a pendulum, because in the cases of the Leyden jar 
there is nothing quite analogous to the way in which the earth pulls 
the pendulum: it is the elasticity of the ether that causes theeelectric 
currents in the Leyden jar discharge, just as it is the elasticity of the 
spring that causes the motion of the matter attached to it in the case 
of a mass vibrating on a spring. 

It is possible to push this analogy still further. Under what condi- 
tions would the spring vibrate most rapidly? When the spring was 
stiffand the mass small. What is meant by aspring being stiff? When 
a considerable force only bends it a little. This corresponds to a con- 
siderable electric force only electrifying the Leyden jar coatings a little, 
i. e. to the Leyden jar having a small capacity. We would consequently 
expect that the discharge of a Leyden jar with a small capacity would 
vibratg more rapidly than that of one with a large capacity, and this is 
the case. In order to make a Leyden jar of very small capacity we wust 
have small conducting surfaces as far apart as possible, and two sepa- 
rate plates or knobs do very well. Thesecond condition for rapid vibra- 
tion was that the mass moved should be small. In the case of electric 
eurrents what keeps the current running after the plates have become 
discharged and re-charges them again, is the so-called self-induction of 
the current. It would be well to look upon it as magnetic energy stored 
up in the ether around the current, but whatever view is taken of it, it 
evidently corresponds to the mass moved, whose energy keeps its moy- 
ing after the spring is unbent, and re-bends the spring again. Hence we 
may conclude that a small self-induction will favor rapidity of oscillation, 
and this is the case. Toattain this we must make the distance the cur- 
rent has to run from plate to plate as short as possible. The smaller the 
plates and the shorter the connecting wire the more rapid the vibra- 
tions; in fact, the rapidity of vibration is directly proportional to the 
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linear dimensions of the system, and for the most rapid vibrations two 
spherical knobs, one charged positively and the other negatively, and 
discharging directly from one to the other, have been used. 

Hertz in his original investigations used two plates about 40°" square, 
forming parts of the same plane, and separated by an interval of about 
60". Bach plate was connected at the center of the edge next the other 
plate with a wire about 30 long, and terminating in a small brass 
knob. These knobs were within 2 or 3™™ of one another, so that 
when one plate was charged positively and the other negatively they 
discharged to one another in a spark across this gap. Au apparatus 
about this size would produce waves 10 or 12 meters long, and its rate 
of oscillation would be about 30,000,000 per second. As the vibration 
actually produced by these oscillators seems to be very complex, the 
rate of oscillation can only be described as “about” so and so. Ina 
subsequent investigation Hertz employed two elongated cylinders 
about 15°" long and about 3° in diameter, terminated by knobs 
about 4 in diameter, and discharging directly into one another. 
Such an oscillator produces waves from 60 to 70™ long, and conse- 
quently vibrations at the rate of between 400,000,000 and 500,000,000 
per second. Most other experimenters have used oscillators about the 
same dimensions as Hertz’s larger apparatus, as the effects produced 
are more energetic; but many experiments, especially on refraction, 
require a smaller wave to be dealt with, unless all the apparatus used 
be on an enormous scale, such as could not be accommodated in any 
ordinary laboratory. When we are thus aiming at rapid rates of vibra- 
tion, it must be recollected that we can not at the same time expect 
many Vibrations after each impulse. If we have a stiff spring with 
a small weight arranged so as to give a lot of its energy to the 
surrounding medium, we can not expect to have very much energy to 
deal with, nor many vibrations, and, as a matter of fact, we find that 
this is the case. The total duration of a spark of even a large Leyden 
jar is very small. Lord Rayleigh has recently illustrated this very 
beautifully by his photographs of falling*’drops and breaking bubbles. 

We can not reasonably expect each spark to have more than from ten 
to twenty effective oscillations, so that, even in the case of the slower 
oscillator, the total duration of the spark is not above a millionth of a 
second. Itis very remarkable that the incandescent air (heated to in- 
candescence by the spark) shouid cool as rapidly as it does, but there 
is conclusive evidence that it remains incandescent after the spark 
proper has ceased, and consequently lasts incandescent longer than the 
millionth of a second. What is seen as the white core of the spark 
may not last longer than the electric discharge itself, and certainly 
does not do so in the case of the comparatively very slowly oscillating 
sparks that have been analyzed into their component vibrations by 
photographing them on a moving plate. The incandescent air remain- 
ing in the path of such discharge is probably the conducting path 
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through which the oscillating current rushes backward and forward. 
Once the air gap has been broken through, the character of the air gap 
as an opponent of the passage of electricity is completely changed. 
Before the air gap breaks down it requires a considerable initial dif. 
ference of electric pressure to start a current. Once it has been broken 
down, the electric current oscillates backward and forward across 
the incandescent air gap until the whole difference of electric pressure 
has subsided, showing that the broken air-gap has become a conductor 
in which even the feeblest electric pressure is able to produce an elec- 
tric current. If this were not so, Leyden jars would not be discharged 
by a single spark. 

All this is quite in accordance with what we know of air that is—or 
even has lately been—incandescent; such air conducts under the feeb- 
lest electric force. All this is most essential to the success of our oscil- 
lator. Only for this valuable property of air, that it gives way suddenly, 
and thence forward offers but a feeble opposition to the rapidly alternat- 
ing discharge, it would have been almost impossible to start these rapid 
oscillations. Ifwe wish to start a tuning fork vibrating we must give 
it a sharp blow; itwill not do to press its prongs together and then let. 
them go slowly; we must apply a force which is short-lived in compari- 
son with the period of vibration of the fork. It is necessary then that 
the air-gap must break down in a time short compared with the rate of 
oscillation of the discharge; and when this is required to be at the rate 
of 400,000,000 per second, it is evident how very remarkably suddenly 
the air-gap breaks down. J*rom the experiments themselves it seems as: 
if any even minute roughness, dust, etc., on the discharging surface: 
interfered with this rapidity of break-down; it seems as if the points 
spluttered out electricity and gradually broke down the air-gap, for 
the vibrations originated are very feeble unless the discharging surfaces: 
are kept highly polished; gilt brass knobs act admirably if kept pol- 
ished ap every ten minutes or so. One of the greatest desiderata in 
these experiments is some method of making sure that all the sparks 
should have the same character and be all good ones, 
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In the foregoing, the principles upon which a rapidly vibrating elec- 
tric oscillator should be constructed have been considered, and how the 
sudden break-down of the air-gap enabled these rapid vibrations to be 
started. It is probable that this break-down occurs in a time smaller 
than the thousand-millionth of a second. How very rapid the inter- 
atomic motions must be! 

Consider now the principles on which an apparatus is to be con- 
structed to receive the vibrations produced by this oscillator. We may 
observe in the first place that as we are dealing with a succession of 
impulses at equal intervals of time we can utilize resonance to accumu- 
late the effect of a single impulse. Resonance is used in an immense 
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variety of circumstances to accumulate the effect of a series of im- 
pulses, and is avoided in another immense variety of circumstances 
to prevent accumulating the effect of a series of impulses. We see, 
we hear, we photograph by using it; we use it to make musical sounds, 
to keep clocks aud watches going, to work telegraphs. By avoiding 
it carriages drive safely over rough roads, ships navigate the seas, 
the tides do not now overwhelm the land, the earth and planets 
preserve their courses round the sun, and the solar system is saved 
from destruction. Resonance may be thus described: If a system is 
able to vibrate by itself in any way, and if we give it a series of im- 
pulses, each tending to increase the vibration, the effect will be cumu- 
lative, and the vibration will increase. To do this the impulses must 
be well timed, at intervals the same as the period of vibration of the 
system itself. Otherwise some of the impulses will tend to stop the 
the vibration, and only some to increase it, and on the whole the effect 
will be small. 

In order to use resonance in the construction of the detector of 
waves of electric force, we must make our detector so as to be capa- 
ble of an electric vibration of the same period as the generator of the 
waves. If we do this we may expect the currents produced in it to 
be increased by each wave, and thus the electrification at its ends to 
increase, and so increase the chance of our being able to produce a 
visible spark. Two ways of using a detector have been mentioned. 
One is to observe the heating of a conductor by the current in it, 
and the other to observe a spark due to the electrification at the 
end of the conductor. The latter is the most sensitive and has 
been most frequently employed, and is the method first employed by 
Hertz. Two forms of detector may be used for observing sparks. One 
form consists of a single conductor bent into a circle with its two ex- 
tremities very close together. An electric charge ean oscillate from 
one end of this to the other round the cirele and back again. If the 
circle be the proper size, about 70° in diameter for the large-sized 
oscillator and about 8™ in diameter for the smaller-sized one de- 
scribed in the last article, the period of oscillation of this charge will 
be the same as that of the charge on the generator of the waves, and 
its oscillation will be increased by resonance until, if the ends of the 
circular wire be close enough together, the opposite electrification of 
the ends will become great enough to cause a spark across the gap. 
The other form of detector depends on using two conductors, each of 
which has the same period of electric oscillation as the oscillations we 
wish to detect. These are placed in such a position that an end of one 
is near that end of the other which will at any time be oppositely eleetri- 
fied. For example, if the electric force in our waves be in vertical lines, 
then if we place two elongated conductors, one vertically above the 
other and separated by a very small air space, the electric force alter- 
nating up and down will cause currents to run up and down the con- 
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ductors simultaneously, aud the upper ends of both will be sinilarly 
electrified at any instant, while the lower end of the upper one will 
always be oppositely electrified to the upper end of the low conductor, 
an if these two points, or two short wires connected with them, be 
close enough together, a spark will pass from one to the other whenever 
the electric force sets up these electric oscillations in the conductor. 
Thus this apparatus is a detector of the electric force. Whenever there 
is a spark we may be sure that there is electric force, and whenever we 
can not get a spark we may be sure that there is either no electric force 
or at any rate too little to produce sparks. The apparatus will be more 
sensitive for electric forces that oscillate at the same rate as the natural 
vibration of the electric charge on the conductor, because the effect of 
each impulse will then add to that of the last; resonance will help to 
make the electrifications great, and so there will be a better chance of 
our being able to produce a spark. 

We may weaken the strength of this air-gap by reducing the pressure 
of the air in it. To do this the ends of the conductors, or wires con- 
nected with them, must lead into an exhausted air vessel, such as a 
Geissler’s tube. There is no doubt that much longer sparks may thus 
be produced, but they are so dim and diffused that when dealing with 
very minute quantities of electricity those sparks in a vacunmm are not 
more easily seen than the smaller and intenser sparks in air at atinos- 
pheric pressure. The additional complication and difficulty of manipu- 
lation from having the terminals in a vacuum are not compensated for 
by any advantages. This whole detecting apparatus works on some- 
what the same principle as a resonator of definite size connected with 
one’s ear when used to detect a feeble note of the same pitch as the 
resonator. Such a resonator might very well be used to find out where 
this note existed and where it did not. It would detect where there 
were compressions and rarefactions of the air producing currents of air 
into and out of your ear. In the same way the conductor sparking tells 
where there are alternating electric forces making currents alternately 
up and down the conductor, and ultimately electrifying the end enough 
to make it spark. In the sound resonator there is nothing exactly like 
this last phenomenon, We have much more delicate ways of detecting 
the currents of air than by making them break anything. If anybody 
would allow the electric currents from a Hertzian detector to be led di- 
rectly into the retina of his eye, it would probably be a very delicate 
way of observing, though even in this direct application of the current 
to an organ of sense it is possible that these very rapidly alternating 
currents might fail to produce any sensible effect, for they are not 
rapid enough to produce the photo-chemical effects by which we see. 

To recapitulate the arrangements proposed in order to detect whether 
electric force is propagated with a finite velocity, and if possible to 
measure it if finite, it is proposed to create electric oscillations of very 
great rapidity, oscillating some four or five hunded million times per 
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second, and it is expected thereby to produce waves of electric force 
whose length will be less than a meter if they are propagated with the 
velocity of light. It is proposed to do this by causing an electric charge 
to oscillate backwards and forwards between two conductors, and 
across an air gap between them. This oscillating charge is to be started 
by charging the conductors, one positively and the other negatively, 
until they discharge by a spark across this air gap. By making the 
conductors small, and the distance the charge has to go from one to 
the other small, the rate of oscillation of the charge can be made as 
great as we require. If waves are produced by this arrangemenié, we 
can reflect them at the surface of a large conducting sheet, and then 
loops and nodes will be produced where the incident and reflected waves 
co-exist. The loops will be places where the alternating electric forces 
are great, while at the nodes there will be no electric forces at all. In 
order to detect where there are these alternating electric forces and 
where there are none, it is proposed to use either a single wire bent 
nearly into a circle, with a very minute air-gap between its ends, or 
else two conductors placed end to end, with a minute air gap between 
their ends. In either case, if the natural period of vibration of a 
charge on the single conductor, or on each of the conductors in the 
second arrangement, is the same as the rate of alternation of the elec- 
tric force we wish to detect, there may be sufficient electrification of 
the neighboring ends to cause a spark across the minute air-gap. We 
are thus in possession of a complete apparatus for determining whether 
electric waves are produced, and what their wave length is. 

The experiment is conducted as follows: 

The two conductors which are to generate the waves are placed—say, 
one above the other, so that the electric charge will run up and down 
in a vertical line across the spark gap between them. They might be 
placed horizontally or in any other line, but for definiteness of descrip- 
tion it is well to suppose some definite position. We may call them A 
and 6. They are terminated in polished knobs, between which the spark 
passes. A and B are connected with the terminals of a Ruhmkorff 
coil, or a Wimshurst or other apparatus by which a succession of sparks 
may be conveniently made to pass from A to B. Before the spark 
passes, A and B are being electrified, and when the spark occurs the 
electricity on A rushes over to B, and part of it charges B, while the 
electricity on B rushes across the spark and partly charges A, this 
taking place alternately up and down. Each time there is less elec- 
tricity, for some is neutralized during each oscillation by the opposite 
charge; for energy is being spent, some in overcoming the resistance of 
the spark gap, ¢. e., in producing the heat developed there, and some in 
producing electric waves in the surrounding medium. Thus the elec- 
tric energy of the two oppositely charged bodies A and B is gradually 
dissipated, and one way of describing this is to say that the two oppo- 
site electric charges combine and neutralize one another. This whole 
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language of talking of electric charges on bodies, and electric currents 
from one to the other, of electric charges neutralizing one another, and 
so forth, is not in accordance with the most recent developments of 
electro-magnetic theory. At the same time, those for whom these 
articles are written are familiar with this language and with the view 
of the subject that it is framed to suit, while they are unfamiliar with 
ether electrically and magnetically strained and thereby the seat of 
electric and magnetic energy, and consequently it would have added 
very much to their difficulty in grasping the details of a complicated 
question if it had been described in unfamiliar terms and from an un- 
familiar point of view. 

The electric force in the neighborhood of the vertical generator will 
lie in vertical planes through it, and as A and B are alternately positive 
and negative, the electric force will alternately be from above down- 
wards, and from below upwards. If then this force is propagated out- 
wards in a series of waves, we may expect that all round our generator 
waves of electric force will be diverging; waves in which the force will 
be alternately down and up. The state of affairs might be roughly 
illustrated by elastic strings stretched out in every direction from our 
generator. If their ends at the generator be moved alternately down 
and up, waves will be propagated along the strings, waves of alternate 
motion down and up. 

In order to reflect these waves we require a metallic sheet of consid- 
erable area some two or three wave lengths away from the generator ; 
so far away in order that we may have room for our detector to find 
the loops and nodes formed every half wave-length where the outgoing 
waves meet those reflected from the sereen; not too far away or our 
waves will be too feeble even at the loops to affect our detector. The 
waves are thrown off all round, but are most intense in the horizontal 
plane through the spark, so that our detector had better be placed as 
near to-this plane as possible. The detector may be either a very 
nearly closed circle of wire or two conductors, each somewhat longer 
and thinner than the combined lengths of the generating conductors, 
and placed vertically over one another, and separated by a minute air 
gap. As the theory of this latter form of detector is simpler than that 
of the circle, it will simplify matters to consider it alone. The two con- 
ductors should each have a period of electrical oscillation up and down 
it, the same as that of the charges on the generator. The generator 
consists of two conductors certainly, but then during the time the spark. 
lasts they are virtually one conductor, being connected by the spark 
across which the electric charges are rushing alternately up and down. 
Hence the period of oscillation of the charges on the generator corre- 
sponds to that on a single conductor of the same size as its two parts 
combined. 

Various experiments have been made as to the best form for these 
conductors that form the detector They might be made identical 
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with the generator, only that the spark gap in the generator should 
be represented by a connecting wire. They may be longer and thin- 
ner. If longer, they should be thinner, or they will not have the 
same period of vibration. On the whole, the best results have been 
got with conductors somewhat longer and thinner than the generator. 
It is not generally convenient that the spark between the two conduc- 
tors that form the detector should take place directly from one to the 
other. Itis not easy to make arrangements by which the distance apart 
of these conductors can be regulated with sufficient accuracy. The most 
convenient way is to connect the lower end of the upper conductor and 
the upper end of the lower one each with a short thin wire leading, one 
to a fixed small knob and the other to a very fine screw impinging on 
the knob. The screw may then be used to adjust the spark gap be- 
tween it and the small knob with great accuracy. This spark gap 
must be very small indeed, if delicate work be desired. A thousandth 
of a centimeter would be a fair-sized spark gap. The minute sparks 
that are formed in these gaps when doing delicate work are too faint 
to be seen, except in a darkened room. Having placed the detector in 
position between the generator and the screen, the difficult part of the 
observation begins. It is heart-rending work at first. A bright spark 
now and then arouses hope, and long periods of darkness crush it again. 
The knobs of the generator require re-polishing; the spark gap of the 
detector gets closed up; dust destroys all working, and not without 
much patience can the art be attained of making sure of getting sparks 
whenever the conditions are favorable, though it is easy enough not to 
get sparks when the conditions are unfavorable. 

Before making any measurements all this practice must be gone 
through. Itis hard enough with the success of others before us to en- 
courage us, with their advice to lead us, with a clear knowledge of 
what is to be expected to guide us. How much credit then is due to 
Hertz, who groped his way to these wonderful experiments from step 
to step, without the suceess of others to encourage him, without the 
advice of others to lead him, without any certainty as to what was to 
be expected to guide him. Patiently, carefully, through many by- 
paths, with constant watchfulness, and checking every advance by re- 
peated and varied experiments, Hertz worked up to the grand sim- 
plicity of the fundamental experiment in electricity that is engaging 
our attention. 

Having gained command over the apparatus we may look about for 
places where sparks occur easily and for others where they can not be 
produced. ‘Two or three places may be found where no sparks can be 
observed. These places will be found to be nearly equi-distant. 'Fhey 
are the nodes we are in search of. The distance between any pair is 
half the distance an electric wave is propagated during the period of 
an oscillation. Their presence proves that the electric force is not prop- 
igated instantaneously, but takes time to get from place to place. If 
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the electric force were propagated instantaneously there might be one 
place where the action of the currents induced in our reflecting sheet 
neutralized the direct action of our generator, but there could not be a 
series of two or more such places between the generator and the re- 
flecting sheet. That there are more than one proves that electric force 
is propagated from place to place, and does not occur simultaneously 
everywhere. It sets the crowning stone on Maxwell’s theory that elec- 
tric force is due to a medium. Without a medium there can be no 
propagation from place to place in time. It only remains to confirm by 
calculation that the rate of propagation is the same as that of light. 
This is a complicated matter. It involves the question of how fast 
should, on any theory, the charge oscillate up and down a conductor. 
The problem has only been accurately solved in a few special cases, 
such as that of a sphere by itself. The conductors that have been 
employed are not this shape, are not by themselves, and so only rough 
approximations are possible as to the rate at which these oscillations 
occur. Knowing the wave length will not determine the velocity of 
propagation unless we know the period of vibration; and consequently 
this direct measure of the velocity has only been roughly made; but 
it agrees as accurately as could be expected with Maxwell’s theory 
that it must be the same as the velocity of light if electrical phenomena 
are due to the same medium as hgeht. The conviction that more accu- 
rate determinations will confirm this agreement is founded upon safe 
ground, 

It was pointed out that the «ther that transmits light and is set in 
vibration by the molecules of matter can hardly avoid moving them 
itself. This wether can hardly help having other properties than 
merely transmitting a comparatively small range of vibrations. It can 
hardly help producing other phenomena. When it has been shown 
that, if there is a medium concerned in conveying electric and mag- 
netic actions, it must possess properties which would enable it to 
transmit waves like light; and when it has been shown that there is a 
medium concerned in conveying electric and magnetic actions, and that 
the rate at which they are conveyed is approximately the same as the 
rate at which light is propagated; the conclusion is almost unavoid- 
able that we are dealing with the same medium in both cases, and that 
future experiments, capable of accurate calculation and observation, 
will confirm the conclusion that electric force is propagated through, 
and by means of, the luminiferous wther with the velocity of light. 
We really know very little about the nature of a wave of light. We 
know a great deal more about electric and magnetic forces, and much 
may be learnt as to the nature of a wave of light by studying it under 
the form of a wave of electric force. The waves produced by the 
Hertzian generator may be a meter long or more. The difficulty is to 
get them short enough. We know a good deal about how-they are 
produced, and from this, and also by means of suitable detectors, we 
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can study a great deal about their structure. They are truly very 
long waves of light. Atoms are Hertzian generators whose period 
of vibration is hundreds of millions of millions per second. A Hert- 
zian generator may vibrate rapidly, but it is miserably slow compared 
with atoms. And yet the wonder is that atoms vibrate so slowly. If 
a Hertzian generator were, say, 10~*™ long, about the size of a good 
big atom, its period of vibration would be some hundreds of times too 
rapid to produce ordinary light. Atoms are probably complicated 
Hertzian generators. By making a complicated shape, as, for exain- 
ple, a Leyden jar, a small object may have a slow period of vibration. 
All that is required is that the capacity and self-induction may be 
large in comparison with the size of the conductor. We saw that these . 
rapidly vibrating generators have but little energy in them; they rap- 
idly give out their energy to the «ether near them. This is also the 
case with atoms. These, when free to radiate, give up their energy 
with wonderful rapidity. How short a time a flash of lightning lasts! 
It is hardly there but it is gone: the heated air molecules have so sud- 
denly radiated off their energy. The reason why atoms in the air, for 
instance, do not radiate away their energy like this is because all their 
neighbors are sending them waves. Each molecule is a generator, but 
it is a detector as well. It is kept vibrating by its neighbors: it occu- 
pies a part of the ether that is in continual vibration, and so the atom 
itself vibrates. As each atom can radiate so rapidly, it must be a good 
detector; its own vibrations must be very much controlled by the 
neighborhood it finds itself in; and as the waves of light are very long 
compared with the distances apart of molecules, those in any neigh- 
borhood are probably, independently of their motions to and fro, each 
vibrating in the same way. 

It is interesting to caleulate how much of the energy in the air is in 
the form of vibrations of the ether between the molecules of air. A 
rough calculation shows that in air at the ordinary density and tem- 
perature only a minute fraction of the total energy in a cubie centi- 
meter is in the ether; but when we deal with high temperatures, such 
as existin lightning flashes, and near the sun, and with very small den- 
sities, there may be more energy in the wether than in the matter within 
each cubic centimeter. All this shows how wide-reaching are the re- 
sults of Hertz’s experiments. They teach us the nature of waves of 
light. Weean learn much by considering how the waves are generated. 
Let us consider what goes on near the generator, consisting of two con- 
ductors, A and 5, sparking into one another. Before each spark, and 
while A and B are being comparatively slowly what is called charged 
with electricity, the wether around and between them is being strained. 
The lines of strain are the familiar tubes of electric force. If A be 
positive, these tubes diverge from all points of A, and most from the 
knob between it and B, and converge on B. Where they are narrow, 
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the ether is much strained; where wide, the «ether is but little strained. 
Each tube must be looked upon as a tube of unit strain. 

The nature of the strain of the ether is not known; it is, most prob- 
ably, some increased motion in a perfect liquid. We must not be 
surprised at the nature of the strain being unknown. We do not 
know the nature ofethe change in a piece of India rubber when it 
is strained, nor indeed in any solid, and though the «ther is much 
simpler in structure than india rubber, it can hardly be wondered 
at that we have not yet discovered its structure, for it is only within 
the present century that the existence of the wether was demonstrated, 
while men have known solids and studied their properties and struc- 
ture for thousands of years. Any way, there is no doubt -that the 
wether is strained in these tubes of force when A and B are oppositely 
charged, and that the energy per cubic centimeter of unstrained ther 
is less than that of strained ether, and that the work done in what is 
called charging A and B is really done in straining the ether all round 
them. When the air-gap breaks down, and an electric spark takes 
its place, there is quite a new series of phenomena produced. Sud- 
denly, the strained ether relieves itself, and in doing so, sets up new 
motions in itself. The strained state was probably a peculiar state of 
-inotion, and in changing back to ordinary ether a new and quite dis. 
tinct state of motion is set up. This new state of motion all round the 
conductors is most intense near the spark, and is usually described as 
an electric current in the conductors and across the spark, or as a rush- 
ing of the electric charge from one conductor to the other. The elec- 
tric current is accompanied by magnetic force in circles round it, and 
the tubes of magnetic force define the nature of the new movement in 
the ether as far as we know it. 

Hitherto, for the sake of simplicity, the existence of this magnetic 
force has been unnoticed. Itis due to a peculiar motion in the «ther 
all round’ what are called electric currents. The current in fact con- 
sists of little else than a line, all round which this movement is going 
on; like the movement surrounding an electrified body, but also un- 
like it. Whenever electric forces are changing, or electrified bodies 
moving, or electric currents running, there this other peculiar mo- 
tion exists. We have every reason for thinking that this, which may 
be called the magnetic strain in the «ther, as the movement all round 
electrified bodies was called the electric strain—that this magnetic 
strain only exists in these three cases: (1) When the electric strain is 
changing; (2) when electrified bodies are moving, and (3) when electric 
currents are running. These three may be all cases of one action; 
certainly the magnetic strain that accompanies each is the same, and 
it seems most likely that the electric change is only another aspect 
of the magnetic strain. There are analogies to this in the motion of 
matter that partly help and partly annoy, because they partly agree 
and partly will not agree with the wtherial phenomena, Take the case 
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described in a former article of a chain transmitting waves. <Atten- 
tion was drawn to the displacement of a link and to its rotation. Now 
for the analogy: To seem at al! satisfactory the first thing that would 
strike one would be to pay attention to two motions, to the velocity of 
displacement of the link and to its rotation. This would lead to inter- 
minable difficulties in carrying out the analogy, We ean not liken 
electric strain to a velocity in this direct and simple way, because what 
are we to do with a change in the strain which produces the same ef- 
fects as a continuous current? A change in the strain is all very well, 
it would be like a change in the velocity, but what about a continuous 
change in the velocity: We can hardly suppose a velocity continually 
increasing forever; we are evidently landed in immediate difficulties. 
It is better therefore to be content to liken the electric strain to a dis- 
placement of the chain link. It seems most likely that it really is a 
peculiar motion in the zther, but we must be content for the present 
with the analogy. If we want to drive it further, we must suppose 
stress in the chain that draws the link back to be due to a motion in 
the chain or of things fastened to it, and then the changed motions 
produced by a displacement of the chain might be analogous to the 
peculiar motions accompanying electric strain. It would lead us too 
far to work out this analogy. 

Returning to the simpler case of the diplsacement of the link 
representing electric strain, and the velocity of its rotation representing 
inagnetic strain, see how the actions near a Hertzian generator may 
be likened to what takes place when a wave is being sent along a 
chain. While the conductors are being slowly charged we must sup- 
pose electric strain to be produced in all the surrounding space. This 
is a comparatively slow action, and as the rate of propagation is 
very rapid, the electric strain will rise practically simultaneously 
in the whole neighborhood, and that it does so is a most important 
fact to be taken account of in all our deductions from these experi- 
ments. This slow charging must be represented by a slow raising 
of one end of the chain, which raises the rest of it to a great distance 
apparently simultaneously if the raising be done slowly. Suddenly 
the air-gap breaks. This might be represented by lifting the chain 
with a weak thread, and by having the end of the chain fastened 
to a pretty strong spring. When the thread broke the spring would 
pull the chain back quickly, would pass its position of equilibrium, and 
thus commence a series of rapid vibrations on each side of this posi- 
tion; the vibrations would gradually die away owing to the energy of 
the spring being gradually spent, partly on friction in itself, and partly 
in sending waves along the chain. In actually performing the experi-’ 
ment, an india-rubber tube or limp thin rope is better than a chain 
when hung horizontally, as the chain is so heavy; when it can be hung 
vertically, a chain does very well. In the description it simplifies 
matters to describe a chain, because it is easier to talk of a link than of 
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a bit of the rope; a link has an individuality that identifies it, while a 
bit of the rope is so indefinite that it is not so easy to keep in mind any 
particular bit. 

Consider now what these waves are, what sort of motion originates 
them. When the spring first starts, the near parts of the chain 
moves first. What happens to any link? One end of it moves down 
before the other. What sort of motion then has the link? It must 
be rotating. Thus it is that. change in the displacement is generally 
accompanied by rotation of the links. Thus it is that change in 
the electric strain is accompanied by magnetic strain. The analogy 
goes farther than this. Each wave thrown off may be described as a 
wave of displaced—or as a wave of rotating—links, and the most dis- 
placed are at any time the most rapidly rotating links. Juast in the 
same way, what have hitherto been called waves of electric force may 
also be looked upon as waves of magnetic force. Because there are two 
aspects in which the motion of the chain may be viewed does not 
diminish from the essential unity of character of the wave motion in its 
waves; and similarly the fact that these Hertzian waves have an elec- 
tric and a magnetic aspect does not diminish from the essential unity 
of character of the wave motion in them. At the same time the two 
elements, the displacement of a link and the rotation of a link, are 
quite distinct things; either might exist without the other; it is only 
in wave propagation that they essentially co-exist. In the same way 
electric strain and magnetic strain are quite different things; though 
in wave motion, and indeed whenever energy is transmitted from one 
place to another by means of the ether, they essentially co-exist. 


ON THE DISCHARGE OF ELECTRICITY THROUGH EX- 
HAUSTED TUBES WITHOUT ELECTRODES.* 


By J. J. THomson, F. R. 8. 


The following experiments, of which a short account was read before 
the Cambridge Philosophical Society last February, were originally 
undertaken to investigate the phenomena attending the discharge of 
electricity through gases when the conditions are simplified by confin- 
ing the discharge throughout the whole of its course to the gas, instead 
of, as in ordinary discharge-tubes, making it pass from metallic or glass 
electrodes into the gas, and then out again from the gas into the elec- 
trodes. 

In order to get a closed discharge of this kind we must produce a 
finite electromotive force round a closed circuit, and since we can not 
do this by the forces arising from a distribution of electricity at rest, 
we must make use of the electromotive forces produced by induction. 
To break down the electric strength of the gas such forces must be very 
intense while they last, though they need not last for more than a short 
time. Forces satisfying these conditions occur in the neighborhood of 
a wire through which a Leyden jar is discharged. During the short 
time during which the oscillations of the jar are maintained enormous 
currents pass through the wire, and as with a moderate-sized jar these 
currents change their direction millions of times in a second, the elec- 
tromotiv# force in the neighborhood of the wire is exceedingly large. 
To make these forces available for producing an electrodeless discharge, 
all we have to do is to make the wire connecting the coatings of the jar 
the primary of an induction-coil of which the discharge-tube itself forms 
the secondary. The arrangements which I have employed for this pur- 
pose are represented in the accompanying diagram. 

In (a) A is the inside coating of a Leyden jar: this is connected to 
FE, one of the poles of a Wimshurst electrical machine, or an induc- 
tion-coil, the other pole F of the machine being connected to B, the outer 
coating of the jar. A C D is a wire connected to the inner coating of 
the jar, a few turns C (which we shall call the primary coil) are made in 
this wire; these turns are square if the discharge-tube is square, circu- 
lar if the discharge-tube is a spherical bulb. The wire at Dis attached 
to an air-break, the other side of which is connected with the outer 
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coating of the Leyden jar. The knobs of this air-break ought to be 
kept brightly polished. The loop C is connected to earth. The dis- 
charge-tubes, which were in general either rectangular tubes or spher- 
ical bulbs, where placed close to the turns of C. When the difference of 
potential between. A and B is sufficiently large, a spark passes across 
the air-break, and the electrical oscillations set up produce a large 
electromotive force in the neighborhood of the coil, sufficient under 
favorable circumstances to cause a bright discharge to pass through the 
vacuum-tubes. In some experiments the jars, at the suggestion of 
Prof. Oliver Lodge, were connected up differently, and are represented 
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by (8) in Fig. 1. Two jars were used, the ontside coatings of which, A 
and B, were connected by the wire containing the primary coil ©, the 
inside coating of the first jar was connected to one pole of the Wims- 
hurst, that of the second to the other. With this method of arranging 
the jars no air-space is required, as the sparks pass between the ter- 
minals of the machine, and the polishing of these terminals is not nearly 
so important as that of the knobs of the air-break in the arrange- 
ment (a). 

Before proceeding to describe the appearance presented by the dis- 
charge, I will mention one or two points which may prove useful to any 
one who wishes to repeat the experiments. According to my experi- 
ence the discharge is more easily obtained in bulbs than in square tubes, 
and with a Wimshurst machine than with an induction-coil. If an in- 
duction-coil is used a break which will transmit a large current ought 
to be substituted for the ordinary vibrating one supplied with such in- 
struments. It is essential to success that the gas in the bulbs or tubes 
should be quite dry and ata suitable pressure; there is a pressure at 
which the briliancy of the discharge is a maximum, and as in endeavy- 
oring to get at this pressure the exhaustion may be carried too far, it 
is convenient to use a form of mercury pump which will allow of the 
easy adinission of a little gas; the pattern which I have used and found 
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to answer very well is called the Lane-Fox pattern. When any gas is 
introduced it should be sent through sulphuric acid to get rid of any 
moisture that may be in it. Owing, I think, to the pressure in ordin- 
ary incandescent lamps being very different from that at which the 
discharge has its maximum brilliancy, / have met with very poor suc- 
cess in attempts to produce these discharges in already exhausted 
tubes such as incandescent lamps, though I have tried a considerable 
number by different makers; on the other hand, the radiometers which 
I have tried allow the discharge to pass pretty readily, though it is in- 
terfered with by the vanes, and is not comparable in brilliancy with 
that obtained in home-made tubes and bulbs. I have obtained sparks 
easily with apparatus of the following dimensions: two gallon jars, the 
outside coatings connected by a wire about 2 yards long, the coil con- 
sisting of three or four turns, each about 3 inches in diameter. I have 
some bulbs which with this apparatus will give a bright discharge when 
the distance between the terminals of the Wimshurst is only 4 inch; 
these are, however, exceptionally good; it more frequently takes a spark 
an inch or an inch and a half long to produce the discharge. 

I find that Hittorf, in Wiedemann’s Annalen, XXx1, p. 138, describes 
the light produced in a tube round which the wire connecting the coat- 

ings of a Leyden jar is twisted; the luminosity in Hittorf’s experiments 
seems to have filled the tube, ana not, aS in the experiments described 
in this paper, been confined to a ring. It seems possible that the dif- 
ference in the appearance in the tubes may have been due to the exist- 
ence of an electrostatic action in Hittorf’s experiments, the primary 
coil getting raised to a high potential before the discharge of the jar, 
and inducing a distribution of electricity over the inside of the glass 
of the tube; on the passage of the spark the potential of the primary 
coil will fall, and the electricity on the glass re-distribute itself; to effect 
this re-distribution it may pass through the rarified gas in the discharge 
tube and produce luminosity. 

In my experiments I took two precautions against this effect. In 
the first place I connected the primary coil to earth, so that its poten- 
tial before discharge took place was unaltered, and as an additional 
precaution I separated the discharge tube from the primary by a cage 
made of blotting paper moistened with dilute acid; the wet blotting 
paper is a sufficiently good conductor to screen off any purely electro- 
static effects, but not a good enough one to interfere to an appreciable 
extent with the electro-motive forces arising from rapidly alternating 
currents. In this way we can screen off any electrostatic effects due to 
causes which operate before the electrical oscillations in the jars begin. 
When once these have commenced, there ought not, I think, to be any 
separation of the electro-motive forces into two parts, one being called 
electro-static, the other electro-dynamic. As this is a point on which it 
is desirable to avoid any misunderstanding, I hope to be excused if I 
treat it at some length. 
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In the mathematical treatment of the phenomena of the * Etectro- 
magnetic Field,” it is customary and not inconvenient to regard the 
electro-motive force as derived from two sources, or rather as consisting 
of two parts, one part being calculated by the ordinary rules of electro- 
staties from the distribution of electricity in the field, the other part 
being the differential coefticient of the vector potential with respect to 
the time. From a mathematical point of view, there is a good deal to 
be said for this division; the two forces have very distinct and sharply 
contrasted analytical properties. Thus the electrostatic force possesses 
the property that its line integral taken round any closed curve van- 
ishes, while the surface integral of its normal component taken over a 
closed surface does not in general vanish. The ‘vector potential 
force,” on the other hand, does not in general vanish when integrated 
round a closed curve; the surface integral of its normal component 
taken over any closed surface however vanishes. When however 
our object is not so much mathematical calculation as the formation of 
a mental picture of the processes going on in the field, this division 
does not seem nearly so satisfactory, as the fundamental quantities 
concerned, the electrostatic and vector potentials, are both of con- 
siderable complexity from a physical point of view. We might judge 
that this division of the electro-motive force into two parts, the one de- 
rivable from an electrostatic, the other from a vector, potential, is rather 
a mathematical device than a physical reality, from the fact whieh | 
pointed out in a report on electrical theories (5. A. Report, 1886), that 
though the electrostatic potential satisfies the mathematical condition 
of being propagated with an infinite velocity, the total electro-motive 
force in the electro-magnetic field travels with the velocity of light, and 
nothing physical is propagated at a greater velocity. 

in an experimental investigation such as that described in this paper, 
it is not so important that our method of regarding the phenomena 
should lead to the shortest analysis as that it should enable us to pic- 
ture to ourselves the processes at work in the field, and to decide 
without much calculation how to arrange the experiments so as to bring 
any effect which may have been observed into greater prominence. 

The method which I have adopted for this purpose is the one de- 
scribed by me in the Philosophical Magazine, March, 1891, and which 
consists in referring everything to the disposition and motion of the 
tubes of electrostatic induction in the field. These tubes are either 
endless, or have their ends on places where free electricity exists, every 
unit of positive electricity (the unit being the quantity of electricity on 
the atom of a univalent element) being connected by a unit tube to a 
unit of negative electricity, the tube starting from the positive elee- 
tricity and ending on the negative. At any point in the field the elee- 
tro-motive intensity varies as the density of the tubes of electrostatic 
induction at that point. When the electricity and the tubes in the 
field are at rest, the tubes distribute themselves so that the electro-motive 
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intensity at any point is derivable from a potential function; as soon, 
however, as the equilibrium is disturbed, the tubes move about and get 
displaced from their original positions, the disposition of tubes and 
therefore the electro-motive intensity are changed, and the latter will 
no longer be derivable from a potential function, and according to the 
mathematical theory would be said to include forces due to electrostatic 
and electro-magnetic induction. According to our view, however, the 

cause of the electro-motive intensity is the same in both cases, viz, the 
presence of tubes of electrostatic induction, and the electro-motive in- 
tensity ceases to be derived from a potential, merely because the dis- 
tribution of these tubes is not necessarily the same when thev are 
moving about as when they are in equilibrium. It is shown, in the 
paper already referred to, that these tubes when in motion produce a 
magnetic force at right angles, both to their own direction and to that 
in which they are moving, the magnitude of the force being 47 times 
the product of the strength of the tube, the velocity with which it is 
moving, and the sine of the angle between the direction of the tube and 
its direction of motion. In an electric field in which the matter is at 
rest, these tubes when in motion move at right angles to themselves 
with the velocity ‘“ v,” that at which electro-dynamic disturbances are 
propagated through the medium. We can easily show that, K being 
the specific inductive capacity of the medium, the line integral of 
47/K times the density of these tubes taken round a elosed circuit is 
equal to the rate of diminution of the number of lines of magnetic in- 
duction passing through the circuit. Thus, since the fundamental 
laws of electro-dynamic action, viz, Faraday’s law of induction and 
Ampeére’s law of magnetic force, follow from this conception of the field 
as produced by tubes of electrostatic induction moving at right angles 
to themselves with the velocity “v,” and producing a magnetic force at 
right angles both to their own direction and to that in which they are 
moving, ang proportional to the product of the strength of the tube 
and its velocity, it is a conception which will account for all the known 
phenomena of the field. It furnishes, in fine, a geometrical instead of 
an analytical theory of the field. It will also be seen that from this 
point of view the magnetic force, when introduced to calculate the 
electro-motive forces arising from induction, logically comes in as an 
intellectual middle-man wasting mental effort. 

We may thus regard the distinction between electrostatic and elec- 
tro-magnetic electro-motive forces as one introduced for convenience of 
analysis rather than as having any physical reality. The only differ- 
ence which I think could from made from a physical point of view would 
be to define those effects as electrostatic which are due to tubes of elec- 
trostatic induction having free ends, and to confine the term electro- 
magnetic to the effects produced by closed endless tubes. It is only 
however when the electro-motive forces are produced exclusively by the 
motion of magnets that all the tubes are closed; whenever batteries or 
condensers are used, open tubes are present in the field. 
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It will be useful to consider here the disposition and motion of the 
tubes of electrostatic induction in the arrangement used to produce 
these electrodeless discharges. We shall take the case where two jars 
are used, as in 7, Fig. 1, as being the more symmetrical. 

Just before the discharge of the jar, the tubes of electrostatic induc- 
tion will be arranged somewhat as follows: There will be some tubes 
stretching from one terminal of the electric machine to the other; others — 
will go from the terminals to the neighboring conductors, the table on 
which the machine is placed, the floor and walls of the room, ete. The 
great majority of the tubes will, however, be short tubes passing through 
the glass between the coatings of the jars. Let us now consider the 
behavior of two of these tubes, one from the jar A, the other from B, 
when a spark passes between the terminals of the machine. Whilst the 
spark is passing these may be regarded as connected by a conductor; 
the tubes which originally stretched between them now contract, the 
repulsion they exerted on the surrounding tubes is destroyed so that 
these now crowd into the space between the terminals, the two short 
tubes under consideration now taking somewhat the form shown in Fig. 
2, These tubes, being of opposite sign, tend to run together; they do 
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so until they meet as in Fig. 3, when the tubes break up as in Fig. 4, the 
upper portion running into the spark gap, where it contracts, while 
the lower portion rushes through the dielectric to discharge itself into 
the wire connecting the coatings of the jars, an intermediate position 
being shown in Fig. 5. These tubes while rushing through the dielec- 
tric produce, as already stated, magnetic forces; some of them on their 
way to the discharging wire will pass through the discharge tube; if 
they congregate there in sufticient density, discharge will take place 
through the rarefied gas. 

The discharge of the jar is oscillatory, and we have only followed the 
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motion of the tubes during a part of the oscillation; when, however, 
this tube enters the wire between the jars a tube of opposite kind 


emerges from it; the same thing happens when the other portion enters 
the spark gap. These go through the same processes as the tubes we 


have followed, but in the reverse order, until we get again two short 


tubes in the jars, but opposite in sign to the original ones; the process 
is then repeated, and so on as long as the vibrations last. 

In order to see what are the most advantageous dimensions to 
give to our apparatus, let us consider on what the maximum electro- 
motive force in the secondary depends. Let us take the case of a con- 
denser of capacity C discharging through a circuit whose coefficient of 
self-induction is L; then, if the potential difference between the plates 
of the condenser is initially Vo, the current y at the time t is (suppos- 


- ing as a very rough approximation that there is no decay in the vibra- 


tions) given by the equation 
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The rate of variation of this, 7, is therefore 


Vo t 

7 COs LG: 
So that if M is the coefficient of self-induction between the primary 
and a secondary circuit, the maximum electro-motive force around the 
secondary is MV,/L, which for a given spark-length is independent of 
the capacity of the condenser. In practice it is advisable, however, to 
have as much energy in the jars to start with as possible, and better 
results are got with large jars than with small ones. Using a six-plate 
Wimshurst machine [ got very good results with two “ gallon jars; ” 
with a large induction coi] the best results were got with two “ pint- 
and-a-halt jars.” 

The best number of turns to use in the primary coil C depends upon 
the size of the leads; if all the circuit were available for this coil one 
turn would give the largest electro-motive force, because, though for a 
given rate of change of the current in the primary the effect on the sec- 
ondary increases with the number of turns, the rate of change of the 
current varies inversely as the self-induction of the primary, so that if 
all the circuit is in the coil ©, since an increase in the number of turns 
will increase the self-induction of the circuit faster than the mutual in- 
duction, it will diminish the electro-motive force round the secondary. 
In practice however it is not possible to have the whole of the wire 
connecting the coatings of the jar im the coil C; and in this case an in- 
erease in the number of turns may increase the mutual induction more 
than the self-induction, and so be advantageous. The best result will 
be obtained when the self-induction in the coil C is equal to that of 
the remainder of the circuit. It is very easy to find by actual trial 


whether the addition of an oxen cme of wire is beneficial or the 1 : 
verse. The brightness of the discharge depends upon the time of t 
electrical oscillations as weli as upon the magnitude of the electro- 
tive forces Thus, in an experiment to be described later, the brittany 
of the discharge was increased by putting selfinduction in the leads, 
which, though it diminished the intensity of the electromotive force, 
inereased the time constant of the system. When the discharge tube 


was square and the coil C had also to be square it was found most — 
convenient to make it of glass tubing bent into the required form and — 


filled with mereury. When however the discharge was required in a 


bulb, the primary coil was made of thick gutta-percha-covered copper — 


wire wound round a beaker just large enough to receive the exhausted 
bulb. There is sometimes considerable difficulty In getting the first 
discharge to pass through the bulb, though when it has once been 
started other discharges follow with much less difficulty. The same 
effect occurs with ordimary sparks. It seems to be due to the splitting 
up of the molecules by the first discharge: some of the atoms are left 


uncombined, and so ready to conduet the discharge, or else when they — 


re-combine they form compounds of smaller electrie strength than the 


> 


original gas. When the discharge was loath to start, I found the most 


effectual way of inducing it to do so was to pull the terminals of the 


Wimshurst far apart and then, after the jars had got fully charged, to. 


push the terminals suddenly together. Im this way a long spark is 
obtained, which, if the pressure of the gas is such that any discharge 
is possible, with the means at our disposal will generally start the dis- 
charge. 


ee 
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Appearance of the discharge—Let us suppose that we have eithera 


square tube placed outside a square primary or a bulb placed inside a 
circular coil of wire, and that we gradually exhaust the discharge tube, 
the jars sparking all the time. At first nothing at all is to be seen in 
the secondary, but when the exhaustion has preceeded until the pres- 
sure has fallen to a millimeter or thereabouts, a thin thread of reddish 
light is seen to go round the tube situated near to but not touching the 
side of the tube turned towards the primary. As the exhaustion pre- 
ceeds still further, the brightness of this thread rapidly increases, as 
well as its thickness; it also changes its color, losing its red tinge and 


becoming white. On continuing the exhaustion the luminosity attains © 


&® maximum, and the discharge passes as an exceedingly-bright and 
well-defined ring. On continuing the exhaustion, the luminosity begins 
to diminish until, when an exceedingly good vacuum is reached, no dis- 
charge at all passes. The pressure at which the luminosity is a maxi- 
mui is very much less than that at which the electric strength of the 
gas is a minimum in a tube provided with electrodes and comparable 
in size to the bulb. The pressure at which the discharge Stops is ex- 
ceedingly low, and it requires long-continued pumping to reach this 


stage. We see from these results that the difficulty which is experi 
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1 enced in getting the dischage to pass through an ordinary vacuum-tube 
_ when the pressure is very low is not altogether due to the difficulty of 
getting the electricity from the electrodes into the gas, but that it also 
occurs in tubes without electrodes, though in this case the critical 
pressure is very much lower than when there are electrodes. In other 
words, we see that as the state of the bulb approaches that of a per- 
fect vacuum its insulating power becomes stronger and stronger. This 
result is confirmed by several other experiments of a different kind, 
which will be described later. 

The discharge presents a perfectly continuous appearance, with no 
sign of striation, of which I have never observed any trace on any of 
these discharges, though I must have observed many thousands of 
them under widely different conditions. 


“=o 
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Action of a magnet on the discharge-—The discharges which take 
place in these tubes and bulbs are produced by periodic currents, so 
that the discharges themselves are periodic, and the luminosity is pro- 
duced by currents passing in opposite directions. As this is the case, 
it seemed possible that the uniformity of the luminosity seen in the 
discharge was due to the super-position of two stratified discharges in 
opposite directions, the places of maximum luminosity in the one 
fitting into those of minimum luminosity in the other. Since these 
discharges are in opposite directions, they will be pushed opposite 
ways when a magnetic force acts at right angles to them, the dis- 
_charges in opposite directions can thus be separated by the application 
of a magnetic force and examined separately. In the experiment which 
was tried with this object, a square tube was used placed outside the 
primary, the tube at one or two places being blown out into a bulb so 
as to allow of the wider separation of the constituent discharges. 
When one of these bulbs was placed in a magnetic field where the 
force was at right angles to the discharge, the luminous discharge 
through the bulb was divided into two portions which were driven to 
opposite sides of the bulb; each of these portions was of uniform lumi- 
nosity and exhibited no trace of striation. It was noticed, however, in 
making this experiment that the discharge seemed to have much greater 
difficulty in passing through the tube when the electro-magnet was on 
than when it was off. This observation was followed up by several 
other experiments, and it was found that the discharge is retarded in 
a most remarkable way by a magnetic force acting at right angles to 
the line of discharge. This effect is most strikingly shown when the 
discharge passes as a ring through a spherical bulb. If such a bulb 
is placed near a strong electro-magnet, it is easy to adjust the length of 
spark so that when the magnet is off a brilliant discharge passes 
through the bulb, while when the magnet is on no discharge at all can 
be detected. The action is very striking, and the explanation of it 
which seems to fit in best with the phenomena I have observed, is that 
the discharge through the rarefied gas does notrise to its full intensity 
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suddenly, but as it were feels its way. The gas first breaks down 


along the line where the electro-motive intensity is a maximum, and a 
small discharge takes place along this line. This discharge produces 
a supply of dissociated molecules along which subsequent discharges 
can pass with greater ease. Thus under the action of these electric 
forces the gas is in a state of unstable equilibrium, since as soon as_ 
any small discharge passes through it the gas becomes electrically 
weaker and less able to resist subsequent discharges. When the gas 
is in a magnetic field, the magnetic force acting on the discharge pro- 
duces a mechanical force which displaces the molecules taking part in 
the discharge from the line of maximum electric intensity, and thus 
subsequent discharges do not find it any easier to pass along this line 
in consequence of the passage of the previous one. There will not 
therefore be the same instability in this case as in the one where no 
magnetic force acted upon the gas. A confirmation of this view is, I 
think, afforded by the appearance presented by the discharge when 
the intensity of the magnetic field is reduced, so that the discharge 
just—but only just—passes when the magnetic field ison. In this case 
the discharge, instead of passing as a steady fixed ring, flickers about 
the tube in a very undecided way. 

If the strength of the magnetic field is reduced still further, so that 
the discharge passes with some ease, the bright ring which, when no 
magnetic force is acting, is in one plane, is changed into a luminous 
band situated between two planes which intersect along a diameter ot 
the bulb at right angles to the magnetic force. These planes are in- 
clined at a considerable angle, one being above and the other below 
the plane of the undisturbed ring. This displacement of the ring by 
the magnetic force shows that it consists of currents circulating tan- 
gentially round the ring. 

This action of a magnet on a discharge flowing at right angles to its 
lines of force is not, however, the only remarkable effect produced by a 
magnet on the discharge. When the lines of magnetic force are along 
the line of discharge, the action of the magnet is to facilitate the dis- 
charge and not to retard it as in the former case. The first indication 
of this was observed when the jars were connected, as in (a) Fig. 1. 
The earth connection being removed, in this case there is a glow from 
the glass into the bulb, due to the re-distribution of the electricity 
induced on the glass by the primary when it is at a high potential 
before the spark passes. If the primary is connected to earth by a 
circuit with an air break in it, the intensity of the glow may be altered 
at will by adjusting the length of the air break; when the air-space is 
very small there is no glow; when it is long the glow is bright. The 
bulb in which the discharge was to take place was placed on a piece of 
ebonite over the pole of an electro-magnet, and the air-space in the 
earth connection of the primary was adjusted so that when the magnet 
was off no glow was observed in the tube. When the magnet Was on, 
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_ however, a glow radiating in the direction of the lines of magnetic 
_ force was produced, which lasted as long as the magnet was on, and 
died away rapidly, but not instantaneously, when the magnet was 
taken off. In this case the discharge seems to be much easier along 
the lines of magnetic force. 
The following experiment shows that this effect is not confined to 
_ the glow discharge, but is also operative when the discharge passes 
entirely through the gas. A square tube ABCD (Fig. 6) is placed out- 
side the primary EFGH, the lower part of the discharge tube CD being 
situated between the poles L M of an electro-magnet. By altering the 
length of spark of the Wimshurst machine, the electro-motive intensity 


acting on the secondary can be so adjusted that no discharge passes 
round the tube ABCD when the magnet is off, whilst a bright dis- 
charge occurs as long as the magnet is on. The two effects of the 
magnet on the discharge, viz, the stoppage of the discharge across the 
lines of magnetic force, and its acceleration along them, may be prettily 
Ulustrated by placing in this experiment an exhausted bulb N inside 
the primary; then the spark length can be adjusted so that when the 
magnet is off the discharge passes in the bulb, and not in the square 
tube, whiflé when the magnet is on the discharge passes in the square 
tube, and not in the bulb. 

The experiments on the effect of the magnetic field on the discharge 
were tried with air, carbonic acid, and oxygen, but I could not detect 
any difference in the behavior of the gases. 

The explanation of the longitudinal effect of magnetic force seems 
more obscure than that of the transverse effect; it is possible how- 
ever that both may be due to the same cause, for if the feeble dis- 
charge which we suppose precedes the main discharge branches away 
at all from the line of main discharge, the action of the magnetic force 
when it is along the discharge will tend to bring these branches into 
the main line of discharge; and thus there will be a greater supply of 
dissociated molecules along the main line of discharge, and therefore 
an easier path for the subsequent discharges when the magnetic force 
is acting than when it is absent. 

It is perhaps not necessary to assume that the mechanical action of 
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the magnetic force is on a small discharge preceding the main one; 
the action of the magnetic force on the chain of polarized molecules 
which are formed before the discharge passes might produce an effect 
equivalent to that which we have supposed was producéd on an actual 
discharge. 

The chain of polarized molecules would be affected in the following 
way: The magnetic field due to the electro-magnet consists of tubes of 
electrostatic induction moving about these tubes, as well as the direc- 
tion in which they are moving, are at right angles to the lines of mag- 
netic force. The short tubes of electrostatic induction which join the 
atoms inthe molecules of the gas will, under the influence of the electric 
forces, set themselves parallel to the direction of the electro-motive in- 
tensity at each point. 

Thus, when the magnetic force is at right angles to the line of dis- 
charge, tubes of electrostatic induction parallel to those in the molecules 
will be moving about in the field; and since parallel tubes exert attrac- 
tion and repulsion on each other, the molecular tubes will be knocked 
about and their efforts to form closed chains made much more difficult 
by the action of the magnet. On the other hand, when the lines of 
magnetic force are parallel to the discharge, the moving tubes are at 
right angles to those in the molecules, and will not disturb them in the 
attempt to form chains along the line of magnetic force; they will in 
fact assist them in doing so by preventing all attempts in directions 
across the lines of force. 

Prof. G. F. Fitzgerald has suggested to me in conversation that this 
action of a magnet on thedischarge might be the cause of the “streamers” 
which are observed in the aurora; the rare air being electrically weaker 
along the lines of magnetic force than at right angles to them will cause 
the discharge in the direction of those lines to be the brightest. 


Discharge through different gases.—I have examined the discharge 
through air, carbonic acid, hydrogen, oxygen, coal gas, and acetylene. 
As I have already mentioned, at the highest pressures at which the 
discharge passes through air, the discharge is reddish, and gets brighter 
and whiter at lower pressures. If the discharge is examined through 
a spectroscope, the lines in the spectrum coincide with those obtained 
by sparking through air in the ordinary way with a jar in the circuit. 
The relative brightness of the lines in the spectrum of the discharge 
without electrodes varies very much with the pressure of the gas and 
the length of spark in the jar circuit. With a long spark in this cir- 
cuit, and the pressure such as to give a bright white discharge, the 
spectrum is very much like that of the ordinary jar discharge in air. 
When however the pressure is so low that the discharge passes with 
difficulty, a few lines in the spectrum shine out very brightly, whilst 
others become faint, so faint indeed sometimes that if the air spectrum 
were not thrown into the field of view of the spectroscope at the same 
time, they might pass unnoticed. Three lines which are very persist- 
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ent, the first a citron green, the second a more refrangible green, and 
the third a blue, I am inclined to think must be due to mercury vapor 
from the pump. 

Iam indebted to Prof. Liveing for the loan of a very fine direct- 
vision spectroscope, and to him and Mr. Robinson, of the Cambridge 
Chemical Laboratory, for valuable advice in the attempts which I made 
to photograph the spectra of some phosphorescent glows mentioned 
below. 

I should like to call attention to the advantages for spectroscopic 
purposes which attend this method of producing the discharge; it is 
easily done either by an ordinary electrical machine or an induction 
coil. An intensely bright discharge is got, and there is no danger of 
complication arising from the spectrum of the gas getting mixed with 
that of the electrodes. 


Discharge in sxygen.—By far the most remarkable appearance is pre- 
sented when the discharge passes through oxygen, for in this gas the 
bright discharge is succeeded by a phosphorescent glow which lasts 
for a considerable time; indeed, with a strong discharge it may remain 
visible for more than a minute. When the discharges succeed one 
another pretty rapidly, the phosphorescence is so strong that it hides 
the successive bright discharges, and the tube seems permanently full 
of a bright yellow fog. We can thus, by the use of this gas, convert 
the intermittent light given by the bright discharge into a continuous 
one. 

Perhaps the most striking way of showing this phosphorescence is to 
use a long tube, about ameter long and 6 or 7 centimeters in diameter, 
with a bulb blown in the middle, the primary coil being twisted round 
this bulb. Then, when the sparks pass between the jars, a bright ring 
discharge passes through the bulb, from which, as if shot out from the 
ring, the pHosphorescent glow travels in both directions along the tube, 
moving slowly enough for its motion to be followed by the eye. It can 
not, therefore, be produced by the direct action of the light from the 
spark on the gas in the tube, for if it were, the giow would travel with 
the velocity of light. It is necessary to mention this point, for the 
light from these discharges has great powers of producing phosphores- 
cence. 

The glow seems to consist of gas which has been in the path of the 
discharge, and whose molecules have been split up by it and projected 
from the line of discharge. This gas which, when projected, is in a 
peculiar state, by a process of chemical combination gradually returns 
to its original condition, and it is while it is in this state of transition 
from its new condition to the old that it phosphoresces. If this is the 
ease we should expect that the period of phosphorescence would be 
shortened by raising the temperature. On trying the experiment I 
found that this took place to a very marked extent. A discharge bulb 
filled with oxygen at a low pressure was placed over a Bunsen burner; 
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before the bulb got hot each bright discharge was succeeded by a bright 
after-glow, but as the bulb got hotter and hotter the glow became fainter 
and fainter, and at last ceased to be visible, though the bright ring 
was still produced at each discharge of the jar. When the Bunsen 
was taken away and the bulb allowed to cool the glow re-appeared. 

The spectrum of the after-glow is a continuous spectrum, in which 
I could not detect the super-position of any bright lines. The only gas 
beside oxygen in which I have been able to detect any after-glow is air, 
though in this case the range of pressure within which it is exhibited 
is exceedingly small; indeed it is often by no means an easy matter to 
get a bulb filled with air into the state in which it shows the glow. 
The spectrum of the air-glow showed bright lines; I thought myself 
that I could see a very faint continuous spectrum as well. Some friends 
however who were kind enough to examine the spectrum, though they 
could see the bright lines clearly enough, were of opinion that there 
was nothing else visible. I endeavored to photograph it, but without 
success, so that the existence of a continuous spectrum for this glow 
must be considered doubtful. 

When the discharge passes through acetylene, the first two or three 
discharges are a bright apple-green; the subsequent ones, however, are 
white, and as the green discharge does not reappear, we must conclude 
that the acetylene is decomposed by the discharge. 


Phosphorescence produced by the discharge.——The discharge without 
electrodes produces a very vivid phosphorescence in the glass of the 
vessel in which the discharge takes place; the phosphorescence is green 
when the bulb is made of German glass, blue when it is made of lead 
glass. Not only does the bulb itself phorphoresce, but a piece of ordi- 
nary glass tubing held outside the bulb and about a foot from it phos- 
phoresces brightly; while uranium glass will phosphoresce at a dis- 
tance of several feet from the discharge. Similar effects, but to a 
smaller extent, are produced by the ordinary spark between the poles 
of an electrical machine. 

The vessel in which the discharge takes place may be regarded as 
the secondary of an induction coil, and the discharge in it shows similar 
properties to those exhibited by currents in a metallic secondary. Thus 
no discharge is produced unless there is a free way all round the tube; 
the discharge is stopped if the tube is fused up at any point. In order 
that the discharge may take place, it is necessary that the molecules 
of the gas shall be able to form a closed chain without the interposition 
of any non-conducting substance; indeed, the discharge seems to be 
hindered by the presence in such a chain of any second body, even 
though it may be a good conductor of electricity. Thus, when a tube 
such as that in Fig. 7 is used, which has a barometer tube attached 
to it, so that by raising or lowering the vessel into which the tube 
dips a mercury pellet may be introduced into the discharge circuit, 
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the spark length in the primary circuit may be so adjusted that a dis- 
charge passes when there is a clear way round the tube, but stops 
when a pellet of mercury is forced up so as to close the 
gangway. I noticed a similar effect in my experiments 
with a long vacuum tube described in the Proceedings of 
the Royal Society tor January, 1891, 

I had another discharge tube prepared, of which a sec- 
tion is shown in Fig. 8, a, in which a diaphragm (AB) of 
thin copper plate was placed across the tube; the diaphragm 
happened to catch at the bottom of the tube, so that it 
divided the latter rather unequally, and left a narrow pas- 
sage round its edge. As much of the discharge as there 
was room for went round the edge of the plate; the remain- 
der was not able to get through the copper, but formed a 
closed cireuit by itself in the larger segment of the tube. 
In another tube, which is represented in section in Fig. 8, /, Bigs 
the copper diaphragm was attached to the walls of the tube by sealing- 
wax, so that there was no free way; in this case the discharge again 
refused to go through the copper, and split up into two separate dis- 
charges, aS in the figure. When the tube was divided by copper 
diaphragms into six segments, as in Fig 8, y, no discharge at all would 
pass through. When the primary was slipped up the tube above the 
diaphragm, a brilliant discharge was obtained. These four experi- 
ments all illustrate the difficulty which the electricity has in getting 
transferred from a gas to another conductor. 


_ 
~ \ 
dag) | 
> | 
4’ 


Se we oe is a 


x 


(rave Senne 


ae eee 


Fig. 8. 


There is no discharge through the secondary, if it is of such a kind 
that, considering a closed curve drawn in it, the electro-motive Inten- 
sity as we travel along the curve tends to polarize the particles in one 
half of the chain in one direction, and in the other half in the opposite 
direction, the direction being reckoned relative to the direction we are 
traveling round the curve. Thus for example if we take a tube 
whose axis is bent back on itself, as in the figure, the electro-motive 
intensity will tend to polarize the particles in one part of the chain in 
the direction of the arrow, and those in the other in the opposite 
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direction; it is impossible to get a discharge through a tube of this 
kind. 


Fie, 9 


On the other hand, the molecules exhibit remarkable powers of mak- 
ing closed chains for themselves when not actually prevented 
by the action of the electro-motive intensity. Thus the dis- 
charge will pass through a great length of tubing in the 
secondary, even if it is bent up as in Fig. 10, where the ver- 
tical piece in the upper part of the secondary is at right 
angles to the direction of the electric force, and where the 
molecules will receive no help in forming closed chains from 
the action of the external electro-motive forces. Ihave e¢- 
ceeded in sending discharges through tubes of this kind 12 
to 14 feet in length. Fia. 10. 


Screening effects due to the currents in the tubes.—One very noticeable 
feature of these discharges is the well-defined character of the ring, if 
the pressure is not too low. Ifa large bulb is used for the secondary 
with the primary just outside it, when the sparks 
pass between the jars a bright, well-defined ring 
passes through the bulb near to the surface of the 
glass, the gas inside this ring being, as far as can 
be judged, quite free from any discharge. If now a 
bulb whose diameter is less than that of the lumin- 
0 ous ring is inserted in the primary in place of the 
larger bulb, a bright ring will start in this, though 
at this distance from the primary there was no dis- 
charge in the larger bulb. Thus when the large 
buib was in the primary, the discharge through its 
outer portions screened the interior from electro- 
=> Zoperp motive forces to an extent sufficient to stop a dis- 

st 2 charge which would otherwise take place. 

The screening action of these discharges is also shown by the follow- 
ing experiment: A, B,C, Fig. 11, is the section of a giass vessel shaped 
like a Bunsen’s calorimeter; in the inner portion A, B.C of this vessel 
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an exhausted tube is placed, while a pipe from the outer vessel leads 
to a mercury pump and enables us to alter the pressure at will. The 
primary coil, L, M, is wound round the outer tube. When the air in 
the outer tube is at atmospheric pressure, the discharge caused by the 
action of the primary passes in the tube E inserted in A, B, C; but 
when the pressure in the outer tube is reduced until a discharge passes 
through it, the discharge in the inner one stops; the discharge in the 
outer tube has thus shielded the inner tube from the action of the 
primary. If the exhaustion of the outer tube is carried so far that the 
discharge through it ceases, that in the inner tube begins again. It re- 
quires very high exhaustion to do this, and as on account of the joints 
it is unsafe to make the vessel very hot during the pumping,-I have 
found it impossible to keep a vacuum good enough to show this effect 
for more than from half to three-quarters of an hour; in that time suffi- 
cient gas seems to have escaped from the sides of the vessel to make 
the pressure too high to show this effect, and it then takes from two to 
three hours’ pumping to get the tube back again into its former state. 
An interesting feature of this experiment is that for a small range of 
pressure, just greater than that at which the discharge first appears in 
the outer tube, there is no discharge in either of the tubes; thus the 
action of the primary is screened off from the inner tube, though there 
is no luminosity visible in the outer one; this shows that a discharge 
equivalent in its effects to a current can exist in the gas without suffi- 
cient luminosity to be visible even in a darkened room. We shall have 
oceasion to mention other cases in which the existence of a discharge 
non-luminous throughout the whole of its course is rendered evident in 
a similar way. 

Another experiment by which the screening can be effectively shown 


_ is to place the primary coil inside a bell-jar which is connected with a 


mercury pump, the electrical connexions with the primary being led 
through meéreury joints. An exhausted bulb is placed inside the pri- 
mary, the bulb being considerably smaller than the primary, so that 
there is an air-space between the two. Before the bell-jar is exhausted 
the discharge passes through the bulb, but when the bell-jar is ex- 
hausted sufficiently to allow of the discharge passing through the gas 
outside the bulb the discharge in the bulb ceases, and the only dis- 
charge is that outside. I have never been able to exhaust the bulb 
sufficiently well to get the discharge outside the bell-jar to cease, and 
that in the bulb to appear again, as in the preceding experiment. In 
this experiment, as in the preceding one, there was a range of pressure 
when neither the bulb nor the bell-jar was luminous, showing again the 
existence of currents in the gas which are not accompanied by any 
appreciable luminosity. 

A curious bending-in of the discharge which takes place in a square 
tube provided with a bulb can, I think, be explained by the principle 
of shielding. The discharge in the bulb does not, unless very long 
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sparks are used, take as its course through the bulb the prolongation 
of the direction of the tube, but is bent-in towards the primary. In 
Fig. 12 the dotted line represents the course the discharge 
would have taken if there had been no bulb, the continu- 
ous line the course actually taken. This bending-in can 
be explained by supposing the currents started near the 
primary to shield off from the outlying space the action 
of the primary, and thus make the electro-motive in- 
tensity along the axis of the tube smaller than it would 

Fie. 12. have been if no discharge had been possible between the 

axis and the primary circuit. 

Before describing some further experiments on this shielding effect, 
it will be useful to consider the means by which it is brought about. 
Let us suppose we have a vertical plate made of conducting material, 
and to the right of the plate a region A which it shields. This region 
has to be shielded from tubes of electrostatic induction coming from 
the left, which have to pass through the shield before reaching A, and 
from tubes coming from the right which have to pass through A before 
reaching the field. The action of the shield in the first case is very 
simple, for when a tube gets inside a conductor it at once attempts to 
contract to molecular dimensions, and after a time proportional to the 
specific resistance of the conductor it succeeds in doing so. Thus if the 
shield is made of a good conductor the tubes of electrostatic induction 
will be transformed into molecular tubes before they have time to get 
through; so that the shield will protect A from all tubes which have 
to go through it. The way the shield destroys or rather neutralizes 
the effect of the tubes coming from the right is somewhat different: 
when a positive tube reaches the shield a negative one emerges from it, 
travelling at right angles to itself in the opposite direction to the inci- 
dent tube; thus, when the first few tubes reach the shield from the 
right they will produce a supply of negative ones, and the presence of 
these negative tubes at A concurrently with the positive ones which 
continue to arrive there will weaken the field to a greater and greater 
extent as A approaches the shield. At the surface of the shield itself 
the neutralization will be complete. A dielectric whose specific indue- 
tive capacity is greater than usual will behave in a similar way to a 
metal plate, but to a smaller extent. It will emit tubes of the opposite 
sign, but not so numerous as those incident upon it. Thus a metal 
plate, or even one made of a dielectric of considerable specifie inductive 
capacity, will reduce very considerably the tangential electromotive 
force on either side of it. 

I have made several experiments in which this effect was very strik- 
ingly shown. In one of these, two square discharge-tubes of equal 
cross section placed near and parallel to each other were connected by 
a cross tube, so that the pressure was the same in both tubes; a fine 
wire passed round the inside of one of the tubes, its ends being con- 
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nected together so that it formed a closed circuit, the other tube con- 
tained nothing but air at a low pressure. When this double tube was 
placed outside the primary the discharge went, at the passage of each 
spark, through the tube without a wire, while the tube containing the 
wire remained quite dark. A similar experiment was tried by taking a 
cylindrical tube and suspending in it a metal ring co-axial with the 
tube; in this case it was easy to adjust the spark-length so that no dis- 
charge passed through the tube when the primary was placed round it 
at the level of the ring, while a discharge passed as soon as the primary 
was moved above or below the ring. 

Another very convenient tube for showing this effect is the one with 
the hollow down the middle, Fig. 11; when this is pumped so that dis- 
charges can pass through the outer tube the spark-length can be 
adjusted so that the discharge stops immediately when a metal tube, a 
test-tube containing a strong solution of an electrolyte, or a tube con- 
taining air at a pressure at which it is electrically very weak, is placed 
in the central opening. The discharge is renewed again as soon as the 
tubes are removed. On one occasion, when the large tube was in a 
peculiarly sensitive state, | was able to see distinctly the diminution 
produced by a dielectric in the electro-motive intensity parallel to its 
surface. The discharge stopped as soon as a stick of sulphur or a 
glass rod sufficiently large almost to fill the opening was inserted, and 
was renewed again as soon as these were withdrawn. It requires how- 
ever the large tube to be in an extremely sensitive state for the effect 
produced by a dielectric to be apparent, and I have only on one oc¢a- 
sion succeeded in getting the tube into this condition. The effect on 
that occasion however was so definite and regular that I have no 
doubt as to the existence of the screening effect due to the dielectric. 

When the tube is of average sensitiveness dielectrics do not pro- 
duce any appreciable effect, nor can the influence of even comparatively 
so good 4 conductor as distilled water be detected, and it is not until 
after the addition of a considerable quantity, 10 to 20 per cent of sul- 
phurie acid or ammonium chloride that the insertion or withdrawal of 
the tube stops or starts the discharge. 

A tube containing air at a low pressure is very efficacious in stopping 
the discharge, and the result of the comparison of the relative effects 
of an exhausted tube and a tube of the same size and shape contain- 
ing a solution of an electrolyte are very remarkable. I found that an 
exhausted tube which contained air at a very low pressure (less than 
jis of a millimetre) produced as much effect on the discharge in the 
outer tube as a tube containing at least 50,000 times as many mole- 
cules of ammonium chloride. This would be expressed in the language 
of electrolysis by saying that under the electro-motive intensity to 
which it was exposed in this experiment the molecular conductivity of 
the gas is 50,000 times that of the electrolyte. The proportion between 
the number of air molecules and the number of molecules of an elec- 
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trolyte, which produces an equal effect in stopping the discharge, 
depends upon the length of spark in the primary current, and so upon 
the electro-motive force acting upon the air. The longer the spark the 
greater is the molecular conductivity of the air in comparison with that 
of the electrolyte. This indicates that the conduction through the air 
does not follow Ohm’s law. This is what we should expect, as under 
large electro-motive forces more molecules are split up and take part in 
the conduction of the electricity. This great conductivity of rarefied 
gases in those cases where the electricity has not to pass from metal, 
etc., into the gas are in striking contrast with the infinitesimally small 
values for the same property which are deduced from experiments on 
tubes with electrodes. 

I was first led to suspect this high conductivity for rarefied gases by 
observing the appearance presented by the ring-discharge in bulbs; 
the ring, unless the pressure is exceedingly low, ceases at a distance 
of little more than 1 centim from the surface of the bulb, this thick- 
ness of conducting gas being sufficient to screen off the electromotive 
intensity from the interior. From experiments which I had made on 
the screening eftect of electrolytes (Proc. Roy. Soc. XLY. p. 269), I knew 
that it would require a very strong solution of an electrolyte to produce 
screening comparable with this. To compare the screening effects 
more directly than by the method just described I tried the following 
experiment. The discharge-tube, Fig. 11, was pumped until the dis- 
charge passed through it very freely; an exhausted tube was then 
pushed down the central opening, it remained quite free from any visi- 
ble discharge; the primary was now wound round a cylinder of the 
same diameter as the discharge-tube of Fig. 11, and this eylinder was 
filled with distilled water. When the tube, which had previously 
remained dark when placed in the exhausted discharge-tube, was im- 
mersed in the water, a brilliant discharge took place in it; and it was 
necessary to add about 25 per cent of sulphuric acid to the water betore 
the shielding effect of the mixture was sufficient to keep the tube dark. 
This experiment shows perhaps even more directly than the other the 
great conductivity of a rarefied gas under large electro-motive forces 
when nothing but the gas is in the way of the passage of the current. 

An experiment made in this connection illustrates the remark made 
before as to the large effects produced by discharges through the gas 
which are not accompanied by luminosity. A bulb A was fused into a 
tube B which was surrounded by the primary coil C, D. B was ex- 
hausted and then sealed off, while A was left connected to the pump. 
Wlien A was at atmospheric pressure a bright discharge took place in 
B outside A; on pumping A a stage was reached in which no discharge 
could be seen in either A or B. On letting air into A the discharge 
appeared again in B; on pumping A still further a discharge appeared 
in A, but notin B. The appearance presented by the discharge round 
the bulb A (filled in this case with air at high pressure) is very remark- 
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able. At the highest pressure at which the discharge passed it took 
the form of a thin ring round the middle of A; as the pressure got 
lower and lower the discharge broadened out, and at yery low pressures 
formed for the greater part of its course two separate rings which ran 
together in the space between one side of the sphere and the tube. 
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On the effect produced by conductors near the discharge tube.—The 
intensity of the discharge is very much affected by the presence of con- 
ductors in the neighborhood of the discharge tube, especially conductors 
which have large capacity or which are connected to earth. Let us 
take, for example, a very simple case, that of a bulb surrounded by a 
primary which is connected to earth; in this case the approach of the 
hand, or any conductor connected to earth, will make the discharge 
brighter and at the same time less well-defined at the edges; touching 
the tube, though this is already connected to earth, produces a very 
marked effect in increasing the facility of the discharge. We can, I 
think, understand the reason of this if we consider the behavior of the 
tubes of electrostatic induction. When the spark passes, these tubes 
(see Fig. 2, p. 234) rush out from the jars and make for the primary; in 
their journey to the primary they pass through the bulb and produce the 
discharge. Let us suppose now that there is a large conductor situated 
somewhere near the bulb; the tubes, as before, rush from the jar to the 
primary, but in doing so some of them strike against the conductor; 
the tubes which do so lose the portion inside the conductor, acquire 
two ends each on the surface of the conductor, and swing round until 
they are at right angles to its surface; they remain momentarily 
anchored, as it were, to the conductor, and if the conductor is in the 
neighborhood of the bulb, they will in general help to increase the 
maximum density of the tubes passing through the bulb. Though 
these tubes may not approximate to closed curves, and so directly pro- 
duce a ring discharge, they may readily facilitate this discharge indi- 
rectly; for even those tubes which go radially through the bulb may 
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produce a glow discharge from the glass into the bulb, and may thus 
furnish a supply of dissociated molecules through which the ordinary ring 
discharge can pass with much greater readiness. For nothing is more 
striking than the enormous difference produced in the electric strength 
of these rarefied gases by the passage of a spark. It is sometimes 
dificult to get the discharge to pass at first, but when once a spark has 
passed through the gas, a spark length one-quarter the length of that 
necessary to originate the discharge will be found sufficient to main- 
tain it. 

It is sometimes convenient, in cases where difficulty is found in start- 
ing the discharge, to avail ourselves of this property by connecting the 
mercury of the pump to which the tube is attached with one terminal 
of an induction coil, the other terminal of which is put to earth. When 
the induction coil is in action, a glow-discharge fills the pump and tube, 
and while this glow exists the electrodeless discharge can easily be 
started: once having been started, it will continue after the induction- 
coil is stopped. An experiment of this kind, which I had occasion to 
make, gave very clear evidence of the way in which dissociated mole- 
cules are projected in all directions from the negative electrode in an 
ordinary discharge tube, but not from the positive. The discharge tube 
was fused onto the pump, and at an elbow two terminals, ¢ and d, Fig. 
14, were fused into the glass; these terminals were connected with an 

rine, induction coil, and the pressure in the tube 

was such that the electrodeless discharge 

Ae would not start of itself. When the coil was 

pump —S—____ *¢€ turned on so that ¢ was the negative electrode 
the electrodeless discharge in the tube at 

ouce took place, but no effect at all was pro- 

duced when ¢ was positive and d negative. 

We may thus regard the effect produced by 

the presence of a conductor as due to the 

conductor catching the tubes of electrostatic 

induction and concentrating them on the 

) odischarge tubes; these tubes in many cases 

acting indirectly by producing a glow dis- 

charge through the tube, which, by diminish- 

ing the electric strength of the gas, makes 

dischargesof any other kind very much easier. 

Fig. 14. Though the presence of a conductor near the 
discharge tube will, in general, concentrate the tubes of electrostatic 
induction on the discharge tube more than would otherwise be the case, 
yet this does not always happen. When in some positions the condue- 
tor may hold back for a time from the diseharge tube tubes of electro- 
static induction which would otherwise pass through it, and thus 
diminish the maximum density of the tubes of electrostatic induction 
in the discharge tube, and hence tend to stop the discharge. I have 
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frequently met with cases where the presence of a conductor diminishes 
the intensity of the discharge. One of the most striking of these is 
when the two jars are insulated, and a square discharge tube used. 
The spark was adjusted so that the discharge just, but only just, went 
round the tube. A sphere connected to earth was then moved round 
the discharge tube; in some positions it increased the brilliancy of the 
discharge, and the tube became quite bright, while in other positions 
it stopped the discharge altogether. 

The observation of the behavior of the discharges through these 
tubes is avery convenient method of studying the effect of conductors 
in deflecting the flow of the tubes of electrostatic induction which fall 
upon them; for the appearance of the discharge is affected not merely 
by the average, but also by the maximum value of the electro-motive 
intensity which produces it. Thus a high maximum value, lasting only 
for a short time, might produce a discharge, while a more equable dis- 
tribution of electro-motive intensity having the same average value 
might leave the tube quite dark. 

Ihave employed these discharges to study the behavior of bodies 
under the action of very rapid electrical oscillations in the following 
way: In the primary circuit connecting the outside coatings of the jar 
two loops, A and B (Fig. 15), were made, in one of 
which, A, an exhausted bulb was placed, the spark- ‘as 
length and the pressure of the gas on it being ad- || 
justed until the discharge was sensitive, 7. ¢., until 
a small alteration in the electro-motive intensity 
acting on the bulb produced a considerable effect 
upon the appearance presented by the discharge. Mees 5 
The substance whose behavior under rapid elec- 
trical vibrations was to be examined was placed in hae 
the loop B. The results got at first were very per- 
plexing, and at first sight contradictory, and it was some time before I 
could see their explanation. The following are some of these results: 
When a highly exhausted bulb was placed in B a brilliant discharge 
passed through it, while the discharge in A stopped. A bulb of the 
same size, filled with a dilute solution of electrolyte, produced no appre- 
ciable effect; when filled with a strong solution it dimmed the discharge 
in A, but not to the same extent as the exhausted bulb. A piece of 
brass rod or tube increased the brightness of the discharge in A; on 
the other hand, a similar piece of iron rod or tube stopped the dis- 
charge in A at once. The most decided effect, however, was preduced 
by a small crucible made of plumbago and clay; this, when put in the 
loop B, stopped the discharge in A completely. I found however that 
by considering the work spent on the substance placed in B, the pre- 
ceding results could be explained. When a large amount of work is 
spent in B, the discharge in A will be dimmed, while no appreciable 
effect will be produced on A when the work spent in B is small. Now 
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let us consider the work done in a secondary cireuit whose resistance is 
R, whose coeflicient of self-induction is L, and which has a coefticient 
of mutual induction, M, with the primary circuit. If the frequeney of 
the current circulating in the primary is p, we can easily prove thatthe 
rate of absorption of work by the secondary is proportional to 


RM p*- 
Lp +R 


Thus the work given to the secondary vanishes when R=—0 and when 
R=infinity, and has a maximum value when R=Lp. Thus the con- 
dition that the secondary should absorb a considerable amount of work 
is that the resistance should not differ much from a value depending 
on the shape of the circuit and the frequency of the current in the 
primary. No appreciable amount of work is consumed when the resist- 
ance is very much greater or very much less than this value. I tested 
this result by placing inside B a coil of copper wire. When the ends 
were free, so that no current could pass through it, it produced no 
effect upon the bulb in A; when the ends were joined so that there 
was only a very small resistance in the eireuit, the effect was, if any- 
thing, to increase the brightness of the discharge in A. When how- 
ever theends were connected through a carbon resistance which could 
be adjusted at will, the discharge in A became very distinctly duller 
when there was a very considerable resistance In the cireuit. This 
experiment confirms the conclusion that to absorb energy the resist- 
ance must lie within certain limits, and be neither too large nor too 
small. 

We can now see the cause of the differences observed when the sub- 
stances mentioned above were put into B. The brass rod and tube 
did not dim the discharge in A, because their resistance was too low; 
the weak solution of electrolyte, because the resistance was too great; 
while the resistances of the crucible and the strong solution of elee- 
trolyte which obliterated the discharge from A were near the value for 
which the absorption of energy by the system was a maximum. 

The case of iron is very interesting because it shows that even under 
these very rapidly alternating forces, iron still retains its magnetic 
properties. A striking illustration of the difference between iron and 
other metals is shown when we take an iron rod and place it in B, the 
discharge in A immediately stops; if we now slip a brass tube over the 
iron rod the discharge in A is at once restored. If on the other hand 
we use a brass rod and an iron tube, when the rod is put in B without 
the tube the discharge in A is bright; if we slip the iron tube over the 
rod, the discharge stops. 

To compare the amount of heat produced in the brass and iron see- 
ondaries [calculations are introduced by which the author estimates 
that] for iron and copper cylinders of the same dimensions it would be 
about seventy times as large in the iron as in the eopper, assuming 
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that the iron retains its magnetic properties under these very rapidly 
alternating forces. The result explains the effect of the iron in stop- 
ping the discharge. As I am not aware that any magnetic properties 
of iron under such rapidly alternating forces have been observed, I was 
anxious to make quite sure that the difference between iron and brass 
was not due solely to the differences between their specific resistances. 
The first experiment I tried with this object was to cover the iron rod 
with thin sheet platinum, such as is used for Grove cells. As the re- 
sistance of platinum is not very different from that of iron, if the effect 
depended merely upon the resistance, slipping a thin tube of platinum 
over the iron ought to make very little difference. I found however 
that when the platinum was placed over the iron, all the peculiar effects 
produced by the latter were absent, thus showing that the effect is not 
due to the resistance of the iron. It then occurred to me that L might 
test the same thing in another way by magnetizing the iron to satura- 
tion, for in this state is nearly unity; thus if the result depended 
mainly on the magnetic properties of the iron it ought to diminish 
when the latter is strongly magnetized. I accordingly tried an experi- 
ment in which the iron in the coil B was placed between the poles of a 
powerful electro-magnet. When the magnet was “off” the iron almost 
stopped the discharge in A; when it was ‘“‘on” the discharge became 
brighter, not indeed so bright as if the iron were away altogether, but 
still unmistakably brighter than when it was unmagnetized. This ex- 
periment, I think, proves that iron retains its magnetic properties 
when exposed to these rapidly alternating forces. 

Another result worthy of remark is that though a brass rod or tube 
inserted in B does not stop the discharge in A, yet if a piece of glass 
tubing of the same dimensions is coated with Dutch metal, or if it has 
a thin film of silver deposited upon it, it will stop the discharge very 
decidedly. We are thus led to the somewhat unexpected result that a 
thin layet of metal when exposed to these very rapid electrical vibra- 
tions may absorb more heat than a thick one. I find, on calculating 
the heating effect in slabs of various thicknesses, that there is a thick- 
ness for which the heat absorbed is a maximum. 

The slight increase in the brightness of the discharge in A when a 
brass rod is placed in B is due, I think, to the diminution in the self- 
induction in the primary circuit produced by this rod whose condue- 
tivity is so good that it absorbs practically no heat. 

We will now return to the case of bad conductors, where na is small; 
here the absorption of energy is proportional to the conductivity, and 
we might use this method to compare the conductivity of electrolytes 
for very rapidly alternating currents. I tried a few experiments of 
this kind and found, as I did in the experiments described in the Pro- 
ceedings of the Royal Society, XLV, p. 269, that the ratio of the conduc- 
tivities of two electrolytes was the same for rapidly alternating as for 
steady currents. I was anxious, however, to see whether these rapidly 
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alternating currents could pass with the same facility as steady cur- 
rents from an electrolite toa metal. To try this two equal beakers were 
filled with the same electrolyte made of such strength that when in- 
serted in B they put out the discharge in A. I then placed in one 
beaker six ebonite diaphragms arranged so as to stop the eddy cur- 
rents, and a similar metallic diaphragm in the other. The ebonite 
diaphragm made the beaker in which it was placed cease to have any 
effect upon the discharge in A. I could not detect however that the 
effect of the beaker in which the metal diaphragm was placed on the 


discharge in A was at all diminished by-the introduction of the dia-- 


phragm. I conclude therefore that very rapidly alternating currents 
can pass with facility from electrolytes to metals and vce versa. In this 
respect electrolytes differ from gases, the currents in which, as we have 
seen, are stopped by a metallic diaphragm in the same way as they would 
be by an ebonite one. 

It may be useful to observe in passing that a somewhat minute divi- 
sion of the electrolyte by the non-conducting diaphragm is necessary 
to stop the effect of the eddy currents; a division of the electrolytes 
into two or three portions seemed to produce very little effect. 

Another point which is brought out by these experiments is the great 
conductivity of rarified gases when no electrodes are used as compared 
with that of electrolytes. An exhausted bulb will produce as much 
effect on the discharge in A as the same bulb filled with a solution of 
an electrolyte containing about a hundred thousand times as many 
molecules of electrolyte. The molecular conductivity of rarified gases 
when the electro-motive intensity is very great and when no electrodes 
are used must be thus enormously greater than that of electrolytes. 

Bulbs filled with rarified gas used in the way I have described serve 
as galvanometers, by which we can estimate roughly the relative in- 
tensity of the current flowing through the primary coils which encircle 
them. Used for this purpose I have found them very useful in some 
experiments on which I am at present engaged, on the distribution of 
very rapidly alternating currents among a net-work of conductors. 
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THE MOLECULAR PROCESS IN MAGNETIC INDUCTION.* 


By Prof. J. A. Ewina, F. R. S. 


Magnetic induction is the name given by Faraday to the act of be- 
coming magnetized, which certain substances perform when they are 
placed in a magnetic field. A magnetic field is the region near a mag- 
net, or near a conductor conveying an electric current. Throughout 
such a region there is what is called magnetie force, and when certain 
substances are placed in the magnetic field the magnetic force causes 
them to become magnetized by magnetic induction. An effective way 
of producing a magnetic field is to wind a conducting wire into a coil, 
and pass a current through the wire. Within the coil we have a region 
of comparatively strong magnetic force, and when a piece of iron is 
placed there it may be strongly magnetized. Not all substances possess 
this property. Puta piece of wood or stone or copper or silver into 
the field, and nothing noteworthy happens; but put a piece of iron or 
nickel or cobalt and at once you find that the piece has become a mag- 
net. These three metals, with some of their alloys and compounds, 
stand out from all other substances in this respect. Not only are they 
capable of magnetic induction—of becoming magnets while exposed 
to the action of the magnetic field, but when withdrawn from the field 
they are found to retain a part of the magnetism they acquired. They 
all show this property of retentiveness, more or less. In some of them 
this residual magnetism is feebly held, and may be shaken out or oth- 
erwise removed without difficulty. In others, notably in some steels, 
it is very persistent, and the fact is taken advantage of in the manu- 
facture of permanent magnets, which are simply bars of steel, of proper 
quality, which have been subjected to the action of a strong mag- 
netic field. Of all substances, soft iron is the most susceptible to the 
action of the field. It can also under favorable conditions, retain— 
when taken out of the field—a very large fraction of the magnetism that 
has been induced—more than nine-tenths,—more indeed than is re- 
tained by steel; but its hold of this residual magnetism is not firm, and 
for that reason it will not serve as a material for permanent magnets. 
My purpose to-night is to give some account of the molecular process 
through which we may conceive magnetic induction to take place, and 
of the structure which makes residual magnetism possible. 


* Abstract of a Friday evening discourse delivered at the Royal Institution on 
May 22, 1891. (From Nature, Oct, 15, 1891; vol. XLIV, pp. 566-572. ) 
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When a piece of iron or nickel or cobalt is magnetized by induction, 
the magnetic state permeates the whole piece. It is not a superficial 
change of state. Breakthe piece into as many fragments as you please, 
and you will find that every one of these is amagnet. In seeking an 
explanation of magnetic quality we must penetrate the innermost 
framework of the substance—we must go to the molecules. 

Now, in a molecular theory of magnetism there are two possible 
beginnings. We might suppose, with Poisson, that each molecule 
becomes magnetized when the field begins to act. Or we may adopt 
the theory of Weber, which says that the molecules of iron are 
always magnets and that what the field does is to turn them so that 
they face more or Jess one way. According to this view, a virgin 
piece of iron shows no magnetic polarity, not because its molecules are 
not magnets, but because they lie so thoroughly “‘higgledy-piggledy” as 
regards direction that no greater number point one way than another. 
But when the magnetic force of the field begins to act, the molecules 
turn in response to it, and so a preponderating number come to face in 
the direction in which the magnetic force is applied, the result of which 
is that the piece as a whole shows magnetic polarity. All the facts go 
to confirm Weber’s view. One fact in particular I may mention at 
once—it is almost conclusive in itself. When the molecular magnets 
are all turned to face one way, the piece has clearly received as much 
magnetization as it is capable of. Accordingly, if Weber’s theory be 
true, we must expec? to find that in avery strong magnetic field a piece 
of iron or other magnetizable metal becomes saturated, so that it can 
not take up any more inagnetism, however much the field be strength- 
ened. This is just what happens. Experiments were published a few 
years ago which put the fact of saturation beyond a doubt, and gave 
values of the limit to which the intensity of magnetization may be 
forced. 

When a piece of iron is put in a magnetic field, we do not find that 
it becomes saturated unless the field is exceedingly strong. A weak 
field induces but little magnetism; and if the field be strengthened, 
more and more magnetism is acquired. This shows that the molecules 
do not turn with perfect readiness in response to the deflecting mag- 
netic force of the field. Their turning is in some way resisted, and this 
resistance is overcome as the field is strengthened, so that the magnet- 
ism of the piece increases step by step. What is the directing force 
which prevents the molecules from at once yielding to the deflecting 
influence of the field, and to what is that force due? And again, how 
comes it after they have been deflected they return partially, but by no 
means wholly, to their original places when the field ceases to act? 

I think these questions receive a complete and satisfactory answer 
when we take account of the forces which the molecules necessarily 
exert on one another in consequence of the fact that they are magnets. 
We shall study the matter by examining the behavior of groups of 
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little magnets, pivoted like compass needles, so that each is free to turn 
except for the constraint which each one suffers on account of the 
presence of its neighbors. 

But first let us see more particularly what happens when a piece of 
iron or steel or nickel or cobalt is magnetized by means of a field the 
strength of which is gradually augmented from nothing. Wemay make 
the experiment by placing a piece of iron in a coil, and making a cur- 
rent flow in the coil with gradually increased strength, noting at each 
stage the relation of the induced magnetism to the strength of the field. 
This relation is observed to be by no means a simple one: it may be 
represented by a curve (Fig. 1), and an inspection of the curve will 
show that the process is divisible, broadly, into three tolerably distinct 
stages. In thefirst stage (a) the magnetism is being acquired butslowly: 


MAGNETISM 


MAGNETIC FORCE 
Fig, 1. 


the molecules, if we accept Weber's theory, are not respondin g readily— 
they are rather hard to turn. In the second stage (b) their resistance 
to turning has to a great extent broken down, and the piece is gaining 
magnetism fast. In the third stage(c) the rate of increment of mag 
netism falls off: we are there approaching the condition of saturation, 
though the process is still a good way from being completed. 

Further, if we stop at any point of the process, such as P, and grad- 
ually reduce the current in the coil until there is no current, and there- 
fore no magnetic field, we shall get a curve like the dotted line PQ, the 
height of Q showing the amount of the residual magnetism. 

If we make this experiment at a point in the first stage (a), we shall 
find, as Lord Rayleigh has shown, little or no residual magnetism, if 
we make it at any point in the second stage (b), we shall find very 
much residual magnetism; and if we make it at any point in the third 
stage (c), we shall find only a little more residual magnetism than we 
should have found by making the experiment at the end of stage b. 
That part of the turning of the molecules which goes on in stage @ con- 
tributes nothing to the residual magnetism. That part which goes om 
in stage c contributes little. But that part of the turning which goes 
ou in stage b contributes very much, 
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In some specimens of magnetic metal we find a much sharper separa- 
tion of the three stages than in others. By applying strain in certain 
ways it is possible to get the stages very clearly separated. Fig. 2, a 
beautiful instance of that, is taken from a paper by Mr. Nagaoka—one 
of an able band of Japanese workers who are bidding fair to repay the 
debt that Japan owes for its learning to the West. It shows how a 
piece of nickel which is under the joint action of pull and twist becomes 
magnetized in a growing magnetic field. There the first stage is ex- 
ceptionally prolonged, and the second stage is extraordinarily abrupt. 


Fig. 2. 


The bearing of all this on the molecular theory will be evident when 
we turn to these models, consisting of an assemblage of little pivoted 
magnets, which may be taken to represent, no doubt in a very crude 
way, the molecular structure of a magnetizable metal. I have here 
some large models, where the pivoted magnets are pieces of sheet steel, 
some cut into short flat bars, others into diamond shapes with pointed 
ends, others into shapes resembling mushrooms or umbrellas, and in 
these the magnetic field is produced by means of a coil of insulated 
wire wound on a large wooden frame below the magnets. Some ot 
these are arranged with the pivots on a gridiron or lazy-tongs of jointed 
wooden bars, so that we may readily distort them, and vary the dis- 
tances of the pivots from one another, to imitate some of the effects of 
strain in the actual solid. But to display the experiments to a large 
audience a lantern model will serve best. In this one the magnets are 
got by taking to pieces numbers of little pocket compasses. The pivots 
are cemented to a glass plate, through which the light passes in such a 
way as to project the shadows of the magnets on the screen. The mag- 
netic force is applied by means of two coils, one on either side of the 
assemblage of magnets and out of the way of the light, which together 
produce a nearly uniform magnetic field throughout the whole Qroup. 
You see this when I make manifest the field in a well-known fashion, 
by dropping iron filings on the plate. 

We shall first put a single pivoted magnet on the plate. So long as 
no field acts it is free to point anyhow—there is no direction it prefers 
to any other, As soon as IL apply even a very weak field it responds, 
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turning at once into the exact direction of the applied force, for there 
was nothing (beyond a trifling friction at the pivot) to prevent it from 
turning. 

Now try two magnets. I have cut off the current, so that there is at 
present no field, but you see at once that the pair has, so to speak, a will 
of its own. I may shake or disturb them as I please, but they insist on 
taking up a position (Fig. 3) with the north end of one as close as pos- 
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Fie. 3. Fig. 4. 


sible to the south end of the other. If disturbed they return to it; this 
configuration is highly stable. Watch what happens when the mag- 
netic field acts with gradually growing strength. At first, so long as 
the field is weak (Fig. 4), there is but little deflection; but as the de- 
flection increases it is evident that the stability is being lost, the state 
is getting more and more critical, until (Fig. 5) the tie that holds them 


Fig. 5. 


together seems to break, and they suddenly turn, with violent swing- 
ing, into almost perfect alignment with the magnetic force H. Now I 
gradually remove the force, and you see that they are slow to return, 
but a stage comes when they swing back, and a complete removal of 
the force brings them into the condition with which we began (Fig. 3). 

If we were to picture a piece of iron as formed of a vast number of 
such pairs of molecular magnets, each pair far enough from its neigh- 
bors to be practically out of reach of their magnetic influence, we 
might deduce many of the observed magnetic properties, but not all. 
In particular, we should not be able to account for so much residual 
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magnetism as is actually found. To get that, the molecules must make 
new connections when the old ones are broken; their relations are of 
a kind more complex than the quasi-matrimonial one which the experi- 
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ment exhibits. Each molecule is a member of a larger community, 
and has probably many neighbors close enough to affect its conduct. 

We get a better idea of what happens by considering four magnets 
(Fig 6). At first, in the absence of deflecting magnetic force, they 
group themselves in stable pairs—in one of a number of possible com- 
binations. Then—as in the former case—when magnetic force is ap- 
plied, they are at first slightly deflected, in a manner that exactly 
tallies with what I have called the stage a of the magnetizing process. 


Es —__¢——_> 
——1- 
-~---—->5 
eae H -- see ee? 
ee ek —e——> 
Fig. 7. Fie. 8. 


Next comes instability. The original ties break up, and the magnets 
swing violently round; but finding a new possibility of combining 
(Fig. 7), they take to that. Finally, as the field is further strengthened 


they are drawn into perfect alignment with the applied magnetic force. 
(Fig. 8). 
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We see the same three stages in a multiform group (Figs. 9, 10, 
11). At first, the group, if it is shuffled by any casual disturbance, 
arranges itself at random in lines that give no resultant polarity (Fig. 
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9). A weak force produces no more than slight quasi-elastic deflections ; 
a stronger force breaks up the old lines, and forms new ones more fa- 
vorably inclined to the direction of the force (Fig. 10). A very strong 
force brings about saturation (Fig. 11). 

In an actual piece of iron there are multitudes of groups lying differ- 
ently directed to begin with—perhaps also different as regards the 
spacing of their members. Some enter the second stage while others 
are still in the first, and so on. Hence, the curve of magnetization 
_ does not consist of perfectly sharp steps, but has the rounded outlines 
of Fig. 1. 


oa Fic. 10. Fig. 11. 


Notice, again, how the behavior of these assemblages of elementary 
magnets agrees with what I have said about residual magnetism. If 
we stop strengthening the field before the first stage is passed—before 
any of the magnets have become unstable and have tumbled round 
into new places—the small deflection simply disappears, and there is no 
residual effect on the configuration of the group. But if we carry the 
process far enough to have unstable deflections, the effects of these 
persist when the force is removed, for the magnets then retain the new 
grouping into which they have fallen (Fig. 10). And again, the quasi- 
elastic deflections which go on during the third stage do not add to the 
residual magnetism. 

Notice, further, what happens to the groupif after applying a magnetic 
force in one direction and removing it, I begin to apply force in the oppo- 
sitedirection. At first there is little reduction of the residual polarity, 
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till a stage is reached when instability begins, and then reversal occurs 
with arush. We thus find a cloge imitation of all the features that 
are actually observed when iron or any of the other magnetic metals is 
carried through a cyclic magnetizing process (Fig 12). The effect of 
any such process is to form a loop in the curve which expresses the re- 
lation of the magnetism to the magnetizing force. The changes of 
magnetism always lag behind the changes of magnetizing force. This 
tendency to lag behind is called magnetic hysteresis. 


A 


bs Magnetism 


Magnetic Force 


Fic, 12,—Cyclic reversal of magnetization in soft iron (AA), and in the 
saine iron when hardened by stretching (BB). 


We have a manifestation of hysteresis whenever a magnetic metal 
has its magnetism changed in any manner through changes in the 
magnetizing force, unless indeed the changes are so minute as to be 
confined to what I have called the first stage (a, Fig. 1). Residual 
magnetism is only a particular case of hysteresis. 

-Hysteresis comes in whatever be the character or cause of the mag- 
netic change, provided it involves such deflections on the part of the 
molecules as make them become unstable. The unstable movements 
are not reversible with respect to the agent which produces them; that 
is to say, they are not simply undone step by step as the agent is 
removed. 

We know, on quite independent grounds, that when the magnetism 
of a piece of iron or steel is reversed, or indeed cyclically altered in any 
way, Some work is spent in performing the operation—energy is being 
given to the iron at one stage, and is being recovered from it at another; 
but when the cycle is taken as a whole there is a net loss, or rather a 
waste of energy. It may be shown that this waste is proportional to 
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the area of the loop in our diagrams. This energy is dissipated; that 
is to say, it is scattered and rendered useless; it takes the form of heat. 


_ The iron core of a transformer, for instance, which is having its mag- 


netism reversed with every pulsation of the alternating current, tends 
to become hot for this very reason; indeed, the loss of energy which 
happens in it, in consequence of magnetic hysteresis, is a serious draw- 
back to the efiiciency of alternating-current systems of distributing 
electricity. It is the chief reason why they require much more coal to 
be burnt, for every unit of electricity sold, than direct-current systems 
require. 

The molecular theory shows how this wasteof energy occurs. When 
the molecule becomes unstable and tumbles violently over, it oscillates 
and sets its neighbors oscillating, until the oscillations are damped 
out by the eddy currents of electricity which they generate in the sur- 
rounding conducting mass. The useful work that can be got from the 
molecule as it falls over isless than the work that is done in replacing it 
during the return portion of the cycle. This is a simple mechanical 
deduction from the fact that the movement has unstable phases. 

I can not attempt, in a single lecture, todo more than glance at 
several places where the molecular theory seems to throw a flood of 
light on obscure and complicated facts, as soon as we recognize that 
the constraint of the molecules is due to their mutual action as mag- 
nets. 

It has been known since the time of Gilbert that vibration greatly 
facilitates the process of magnectic induction. Let a piece of iron be 
briskly tapped while it lies in the magnetic field, and it is found totake 
up a large addition to its induced magnetism. Indeed, if we examine 
the successive stages of the process while the iron is kept vibrating by 
being tapped, we find that the first stage (a) has practically disap- 
peared, and there is a steady and rapid growth of magnetism almost 
from the yery first. This is intelligible enough. Vibration sets the 
molecular magnets oscillating, and allows them to break their primi- 
tive mutual ties and to respond to weak deflecting forces. For asimi- 
lar reason, vibration should tend to reduce the residue of magnetism 
which is left when the magnetizing force is removed, and this, too, 
agrees with the results of observation. 

Perhaps the most effective way to show the influence of vibration is 
to apply a weak magnetizing force first, before tapping. If the force 
is adjusted so thatit nearly but not quite reaches the limit of stage (a), 
a great number of the molecular magnets are, so to speak, hovering on 
the verge of instability, and when the piece is tapped they go over like 
a house of cards, aud magnetism is acquired with arush. Tapping 
always has some effect of the same kind, even though there has been 
no special adjustment of the field. 

And other things besides vibration will act in @ similar way, precip1- 
tating the break-up of molecular groups when the ties are already 
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strained. Change of temperature will sometimes do it, or the applica- 
tion or change of mechanical strain. Suppose, for instance, that we 
apply pull to an iron wire while it hangs in a weak magnetic field, by 
making it carry a weight. The first time that we put on the weight, 
the magnetism of the wire at once increases, often very greatly, in con- 
sequence of the action I have just described (Fig. 13). The molecules 
have been on the verge of turning, and the slight strain caused by the 
weight is enough to make them go. Remove the weight, and there is 
only a comparatively small change in the magnetism, for the greater 
part of the molecular turning that was done when the weight was put 
on is not undone when it is taken off. Re-apply the weight, and you 
find again but little change, though there are still traces of the kind of 

action which the first application brought about. 

That is to say, there are some groups of molecules 

220 which, though they were not broken up in the first 
application of the weight, yield now, because they 
have lost the support they then obtained from neigh- 
bors that have now entered into new combinations. 
Indeed, this kind of action may often be traced, al- 
ways diminishing in amount, during several succes- 
sive applications and removals of the load (see Fig. 
190 13), and it is only when the process of loading has 

been many times repeated that the magnetic change 
FA brought about by loading is just opposite to the 
magnetic change brought about by unloading. 

Whenever indeed we are observing the effects of 
an alteration of physical condition on the magne- 
tism of iron, we have to distinguish between the 
160 primitive effect, which is often very great and is 

not reversible, and the ultimate effect, which is seen 
as only after the molecular structure has become some- 

° Loan * * what settled through many repetitions of the proc- 
te one of lead Oe Experiments on the effects of temperature, of 

 conétancfed. Strain, ete., have long ago shown this distinction 
to be exceedingly important; the molecular theory 
makes it perfectly intelligible. 

Further, the theory makes plain another curious result of experiment. 
When we have loaded and unloaded the iron wire many times over, so 
that the effect is no longer complicated by the primitive action I have 
just described, we still find that the magnetic changes which occur 
while the load is being put on are not simply undone, step by step, 
while the load is being taken off. Let the whole load be divided into 
several parts, and you will see that the magnetism has two different 
values, in going up and in coming down, for one and the same inter- 
mediate value of the load. The changes of magnetism lag behind the 
changes of load; in other words, there is hysteresis in the relation of 
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the magnetism to the load (Fig.14). This is because some of the molec- 
ular groups are every time being broken up during the loading, and 
re-established during the unloading, and that, as we saw already, in- 
volves hysteresis. Consequently, too, each loading and unloading re- 
quires the expenditure of a small quantity of energy, which goes to 
heat the metai. 


MAGNETISM 


Fic. 14.—Cycle of loading and unloading. 


Moreover, a remarkably interesting conclusion follows. This hys- 
teresis, and consequent dissipation of energy, will also happen though 
there be no magnetization of the piece as a whole; it depends on the 
fact that the molecules are magnets. Accordingly, we should expect 
to find, and experiment confirms this (see Phil. Trans., 1885, p. 614), 
that if the wire isloaded and unloaded, even when no magnetic field 
acts and there is no magnetism, its physical qualities which are changed 
by the load will change in a manner involving hysteresis. In partic- 
ular, the length will be less for the same load during loading than dur- 
ing unloading, so that work may be wasted in every cycle of loads. 
There can be no such thing as perfect elasticity in a magnetizable 
metal, unless, indeed, the range of the strain is so very narrow that 
none of the molecules tumble through unstable states. This may have 
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something to do with the fact, well known to engineers, that numerous 
repetitions of a straining action, so slight as to be safe enough in itself, 
have a dangerous effect on the structure of iron or steel. 

Another thing on which the theory throws light is the phenomenon 
of time-lag in magnetization. When a piece of iron is put into a 
steady magnetic field, it does not take instantly all the magnetism that 
it will take if time be allowed. There is a gradual creeping up of the 
magnetism, which is most noticeable when the field is weak and when 
the iron is thick. If you will watch the manner in which a group of 
little magnets breaks up when a magnetic force is applied to it, you 
will see that the process is one that takes time. The first molecule to 
yield is some outlying one which is comparatively unattached—as we 
may take the surface molecules in the piece of iron to be. It falls 
over, and then its neighbors, weakened by the loss of its support, fol- 
low suit, and gradually the disturbance propagates itself from molecule 
to molecule throughout the group. Ina very thin piece of iron—a fine 
wire, for instance—there are so many surface molecules, in comparison 
with the whole number, and consequently so many points which may 
become origins of disturbance, that the breaking up of the molecular 
communities is too soon over to allow much of this kind of lagging to 
be noticed. 
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TEMPERATURE 


Fie. 15.—Relation of magnetic inductive capacity to temperature in hard steel (Hopkinson). 


Effects of temperature, again, may be interpreted by help of the 
molecular theory. When iron or nickel or cobalt is heated in a weak 
magnetic field, its susceptibility to magnetic induction is observed to 
increase, until a stage is reached, at a rather high temperature, 
when the magnetic quality vanishes almost suddenly and almost eom- 
pletely. Fig. 15, from one of Hopkinson’s papers, shows what is ob- 
served as the temperature of a piece of steel is gradually raised. The 
sudden loss of magnetic quality occurs when the metal has become 
red hot; the magnetic quality is recovered when it cools again sufti- 
ciently to cease to glow. Now, as regards the first effect—the increase 
of susceptibility with increase of temperature—I think that is a con- 
sequence of two independent effects of heating. The structure is ex- 
panded so that the molecular centers lie further apart. But the free- 
dom with which the molecules obey the direction of any applied mag- 
netic force is increased not by that only, but perhaps even more by 
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their being thrown into vibration. When the field is weak, heating 
consequently assists magnetization, sometimes very greatly, by has- 
tening the passage from stage a to stage b of the magnetizing process. 
And it is at least a conjecture worth consideration whether the sudden 
loss of magnetic quality at a higher temperature is not due to the vi- 
brations becoming so violent as to set the molecules spinning, when, 
of course, their polarity would be of no avail to produce magnetiza- 
tion. We know at all events that when the change from the magnetic 
to the non-magnetic state occurs, there is a profound molecular change, 
and heat is absorbed which is given out again when the reverse change 
takes place. In cooling from ared heat, the iron actually extends at 
the moment when this change takes place (as was shown by Gore), 
and so much heat is given out that (as Barrett observed) it re-glows, 
becoming brightly red, though just before the change it had cooled so 
far as to be quite dull. [Experiment, exhibiting retraction and re- 
glow in cooling, shown by means of a long iron wire, heated to redness 
by an electric current.| The changes which occur in iron and steel 
about the temperature of redness are very complex, and I refer to this 
as only one possible direction in which a key to them may be sought. 
Perhaps the full explanation belongs as much to chemistry as to physics. 

An interesting illustration of the use of these models has reached 
me, only to-day, from New York. In a paper just published in the 
Electrical World (reprinted in the Electrician for May 29, 1891), Mr. 
Arthur Hoopes supports the theory I have laid before you by giving 
curyes which show the connection experimentally found by him 
between the result polarity of a group of little pivoted magnets and 
the strength of the magnetic field, when the field is applied, removed, 
reversed, and soon. I shall draw these curves on the sereen, and 
rough as they are, in consequence of the limited number of magnets, 
you see that they succeed remarkably well in reproducing the features 
which we know the curves for solid iron to possess. 

It may, perhaps, be fairly claimed that the models whose behavior 
we have been considering have a wider application in physics than to 
merely elucidate magnetic processes. The molecules of bodies may 
have polarity which is not magnetic at all—polarity, for instance, due 
to static electrification—under which they group themselves in stable 
forms, so that energy is dissipated whenever these are broken up and 
re-arranged. When we strain a solid body beyond its limit of elasticity, 
we expend work irrecoverably in overcoming, as it were, internal fric- 
tion. What is this internal friction due to but the breaking and 
making of molecular ties? And if internal friction, why not also the 
surface friction which causes work to be spent when one body rubs 
upon another. In a highly suggestive passage of one of his writings,* 


* Encyclopedia Brit., Ninth Ed., 1877, art., ‘Constitution of Bodies,” vol. VI, p. 
313. 
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sere molecular groups. The models help us to realize Maxweli’s notio 2 ae 
18 and in studying them to-night, I think we may claim to have been 
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- going a step or two forward where that great leader ae the way. 
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CRYSTALLIZATION.* 
By G. D. Livetine, F. R. 8. 


There is something very fascinating about crystals. It is not merely 
the intrinsic beauty of their forms, their picturesque grouping, and 
the play of light upon their faces, but there is a feeling of wonder at 
the power of nature, which causes substances, in passing from the 
fluid to the solid state, to assume regular shapes bounded by plane 
faces, each substance with its own set of forms, and its faces arranged 
with characteristic symmetry; some, like alum, in perfect octahedra; 
others, like blue vitriol, in shapes which are regularly oblique. It is 
this power of nature which is the subject of this discourse. I hope to 
show that crystalline forms, with all their regularity and symmetry, 
are the outcome of the accepted principles of mechanics. I shall 
invoke no peculiar force, but only such as we are already familiar with 
in other facts of nature. I shall call in only the same force that pro- 
duces the rise of a liquid in a capillary tube and the surface-tension at 
the boundary of two substances which do not mix. Whether this 
force be different from gravity I need not stop to inquire, for any 
attractive force which for small masses, such as we suppose the mole- 
cules of matter to be, is only sensible at insensible distances is suffi- 
cient for my purpose. 

We know that the external forms of crystals are intimately connected 
with their internal structure. This is betrayed by the cleavages with 
which in mica and selenite everybody is familiar, and which extend to 
the minutest parts, as is seen in the tiny rhombs which form the dust 
of crushed calcite. It is better marked by the optical properties, single 
and double refraction, and the effects of crystals on polarized light. 
These familiar facts lead up to the thought that it is really the internal 
structure which determines the external form. As a starting-point for 
considering that structure, I assume that crystalline matter is made 
up of molecules, and that, whereas in the fluid state the molecules 
move about amongst themselves, in the solid state they have little 
freedom. They are always within the range of each other’s influence- 
and do not change their relative places. Nevertheless, these mole, 
cules are in constant and very rapid motion. Not only will they com- 
municate heat to colder bodies in contact with them, but they are 
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_always radiating, which means producing waves in the ether at the 
rate of many billions in a second. We are sure that they have a great | 


deal of energy, and, if they can not move far, they must have very 4 


rapid vibratory motions. It is reasonable to suppose that the parts of 
each molecule swing, backwards and forwanis, through, er about, the. 
center of mass of the moleeule. The average distances to which the 
parts swing will determine the average dimensions of the molecule, 
the average space it occupies. 

Dalton fancied he had proved that the atoms of the chemical elements 
must be spherical, because there was no assignable eause why they 
should be longer in one dimension than another. I rather Invert his 
argument. I see no reason why the excursions of the parts of a mele- 
eule from the centre of mass should be equal in all directions, and 
therefore assume, as the most general case, that these excursions are 
unequal in different directions. And, since the movements must be 
symmetrical with reference to the centre of mass of the molecule, they 
will in general be included within an ellipsoid, of which the center is © 
the centre of mass. 

Here I may perhaps guard against a miseonception. We chemists 
are familiar with the notion of complex molecules; and most of us 
figure to ourselves 2 molecule of common salt as consisting of an atom 
of sodium and one of chlorine held together by some sort of force, and 
it may be imagined that these atoms are the parts of the molecules 
which I have in mind. That however is not my notion. .I am para- 
doxical enough to disbelieve altogether in the existence of either 
sodium or chlorine in common salt. Were my audience a less philoso- 
phical one I could imagine I heard the retort from many alip: “Why, 
you can get sodium and chlorine out of it, and you can make it out of 
sodium and chlorine!” Butno, you can not get either sodium or chlorine 
out of common salt without first adding something which seems to me 
of the essence of the matter. You ean get neither sedium nor chlorine 
from it without adding energy; nor can you make it out of these ele- 
ments without subtracting energy. My point is that energy is of the 
essence of the molecule. Each kind of molecule has its own motion; 
and in this I think most physicists will agree with me. Chemists will 
agree with me in thinking that all the molecules of the same element. 
or compound, are alike in mass, and in the space they occupy at a 
given temperature and pressure. The only remaining assumption I 
make is that the form of the ellipsoid—the relative lengths of its axes— 
is on the average the same for all the molecule sof the same substance. 
This implies that the distances of the exeursions of the parts of the 
molecule depend on its constitution, and are, on the average, the same 
in similarly constituted molecules under similar cireumstances. 

[have come to the end of my postulates. I hope they are such as 
you will readily concede. I want you to conceive of each molecule as 
having its parts in extremely rapid vibration, so that it occupies a 
larger space than it would occupy if its parts were at rest; and that 
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DEUIvdd teuspeestara Sell ‘presente; comptlecd within « certain clliy- 
seid; that the dimensions of this ellipsoid are the same for all molecules 
_ of the same chemical constitution, but different for molecules of differ- 


_ ~ We have now to consider how these molecules will pack thoascivian “. 
on passing from the fiuid state, in which they can and do move about — 
amongst themselves, into the solid state, in which they have no sensible | 
freedom. If they attract one another, according to any law, and for : 

‘Wy purpose gravity will suffice, then the laws of energy require that for 

“ stable equilibrium the potential energy of a system shall bea minimum. 
This is the same, in the case we are considering, as saying that the 
molecules shall be packed in such a way that the distances between 
their centers of mass shall on the whole be the least possible; or, that 
as many of them as possible shall be packed into unit space. Inorder _ 
to see how this packing will take place, it will be easiest to consider 
first the particular case in which the axes of the ellipsoids are all 
equal—that is, when the ellipsoids happen to be spheres. The prob- 
lem is then reduced to finding how to pack the greatest number of 
equal spherical balls into a given space. It is easy to 1educe this to 
the problem of finding how the spheres can be arranged so that each 
one shall be touched by as many others as possible. In this way the 
cornered spaces between the bails, the unoccupied room, is reduced to 
aminimum. You can stack balls so that each is touched by twelve 
others, but not by more. At first sight it seems as if this might be 
done in two ways. 
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In the first place we may start with a square of balls, as in Fig. 1, 
where each is touched by four others. We may then place another 
(shaded in the figure) so as to rest on four, and place four more in 


represented in Fig.2. It will be seen that, in these triangular faces.each 
ball (except, of course, those forming the edges) is touched by six others, 
Again, if we start with such a triangle, as in Fig. 3, where each ball 
is touched by six others, we can place one ball—the shaded one—so as 
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to rest on three others, and can then place six more round it and teach- 
ing it, as indicated by the dotted circles. In three of the triangular 
holes between the shaded ball and the dotted balls touching it we can 
place three more, so as to touch the shaded ball—again twelve toueh- 
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Ra Acates aoe 4, where each of the three sides is a right- 
gled triangle, while the base is an equilateral triangle. It will be 
i that in the faces of this pyramid each ball (except those onteide) 
Wesacd by tour ota In fact, the arrangement in these faces is 
. e same as in the base of the former pyramid; and the two arrange- 
mes are really identical in the interior, only one has to be turned 
over in order to bring it into parallelism with the other. Fig. 2 rep- 
resents half a regular octahedron; Fig 4 the corner of a cube. Ellip- 
BOK if they are all equal and similiar to one another can be packed 
x ly the same way, so that each is touched by twelve others, 
oh ded their axes are kept parallel to each other—that is, if they 
Sil oriented alike: This, then, by the laws of energy, will be the 
rrangement which lid macldcalen will adeciute in Consequence of mutual 
attraction, in passing from a finid to a solid state. 


ratte Art 
<é a + YST) IZ, ON, 


Next, let us see how the packing of the molecules will affect the ex- 
ternal form. And here I bring in the surface tension. We are famil- 
iar with the effects of this force in the case of liquids, and if we adopt 
the usually received theory of it, we must have a surface tension at the 

_ boundary of a solid, as well as at the surface of a liquid. I know of 

no actual nieasures of the surface tension of solids; but Quincke has 

| given us the surface tensions of a number of substances at temperatures 
near their points of solidification, in dynes per lineal centimeter, as 
follows: : 
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The surface tensions of most of the solids are probably greater than 
these, for the surface tension generally diminishes with increase of 
; and you see that they amount to very considerable forces. 
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We have to do, then, with an agency which we can not neglect In all — 
these cases the tension measured is at a surface bounded by air, and is 
such as tends to contract the surface. We have, then, at the boundary 
between a crystallizing solid and the fluid, be it gas or liquid, out of 
which it is solidifying, a certain amount of potential energy; and by 
the laws of energy the condition of equilibrium is, that this potential 
energy shall bea minimum. The accepted theory of surface tension is 
that it arises from the mutual attraction of the molecules. The energy 
will, therefore, be a minimum for a surface in which the molecules are 
as closely set as possible. 

Now, if you draw a surface through a heap of balls packed so that 
each is touched by twelve others, you will find that the surfaces 
which have the greatest number of centers of balls per unit area are 
all plane surfaces. That in which the concentration is greatest is the 
surface of a regular octahedron, next come that of a cube, then that of 
a rhombic dodecahedron, and so on according to the law of indices of 
erystallographers. The relative numerical values of these concentra- 
tions are as follows, taking that of the faces of the enbe as unity: 


Oeisheuren,. <2 ee ee 1.1347 | Tetrakishexahedron --......__.__- 0. 4472 
Ciskiegs eke ee AS eke re ee ee 1.0000 Ejikositessarahedron ............- 0. 4088 
Moedecahatron 30:2 ee 0. 7071 | Triakisoctahedron.-.-_-.. 2.2... _.. 0.3338 


We do know that the surface tension is exactly in the inverse pro- 
portion to the concentration; all that we can at present say is that/it 
inereases as the concentration diminishes. 

If, then, the molecules occupy spherical spaces, the bounding sur- 
face will tend to be a regular octahedron. 
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But we have another point to consider. If a solid is bounded by 
plane surfaces, there must be edges where the planes meet. At such 
an edge the surface tensions will have a resultant (see Fig. 5) tending 
to compress the mass, which must be met by a corresponding opposite 
pressure, and unless there is some internal strain there must be a eor- 
respondent resultant of the tensions on the opposite side of the erystal. 
Hence, if one face of a form is developed the opposite face will also be 
developed; and generally, if one face of a form be developed all the 
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faces will be developed; and if one edge, or angle, be truncated, all the 
- worrespouding edges, or angles, will be truncated. Were it otherwise, 
there would not be a balance between the surface tensions in the sey- 
eral faces. But there is another point to be taken into account. The 
surface enetgy may become less in two ways—either by reducing the 
tension per unit surface, or by reducing the total surface. When a 
liquid separates from another finid, as chloroform from a solution of 
chloral hydrate on adding an alkali, or a cloud from moist air, the 
liqnid assumes the form which, for a given mass, has the least surface— 
that is, the drops are spherical. If you cut off the projecting corners 
and plane away the projecting edges of a cube or an octahedron, you 
bring it nearer to a sphere, and if you suppose the volume to remain 
constant, you still diminish the surface. And if the diminution of the 
total surface is not compensated by the increased energy on the trunca- 
tions, there will be a tendency for the crystals to grow with such 
truncations. The like will be true in more complicated combinations. 
There will be a tendency for such combinations to form, provided the 
surface energy of the new faces is not too great as compared with that 
of the first simple form. 

But it does not always happen that an octahedron of alum develops 
truncated angles. This leads to another point. To produce a surface 
in a continuous mass requires a supply of energy, and to generate a 
surface in the interior of any fluid is not easy. Air may be super-satu- 
rated with aqueous vapor, or a solution with a salt, and no cloud or 
crystals be formed, unless there is some discontinuity in the mass, 
specks of dust, or something of the kind. In like manner, if we have 
 asurface already, as when a super-saturated solution meets the air or 

the sides of the vessel containing it, and if the energy of either of these 
surfaces is less than that of a crystal of the salt, some energy will have 
to be supplied in order to produce the new surface, but not so much as 
if there were no surface there to begin with. Hence, crystals usually 
form on the sides of the vessel or at the top of the liquid. When asolid 
separates from a solution there is generally some energy available from 
the change of state, which supplies the energy for the new surface. 
But at first when the mass deposited is very small, the energy 
available will be correspondingly small, and since the mass varies as 
the enbe of the diameter of the solid, whereas the surface varies as 
the square of the diameter, the first separated mass is liable to be 
squeezed into liquid again by its own surface tension. This explains 
the usual phenomena of super-saturated solutions. A deposit occurs 
most easily on a surface of the same energy as that of the deposit, 
because the additional energy required is only for the increased extent 
of surface. It explains, too, the tendency of large crystals to grow 
more rapidly than small ones, because the ratio of the increase of 
surface to that of volume diminishes as the crystal grows. 

While speakinz of the difficulty of creating a new surface in the in- 
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terior of a mass, the question of cleavage suggests itself. In dividing . 
a erystal we create two new surfaces—one on each piece, and each with 
its own energy. The division must therefore take place most readily 
when that surface energy isa minimum. Hence the principal cleavage 
of a crystal made up of molecules having their motions comprised within 
spherical spaces will be octahedral. Asa fact, we find that the greater 
part of substances which erystallize in the octahedral, or regular sys- 
tem, have octahedral cleavage. But not all; there are some, like rock 
salt and galena, which cleave into cubes, and a very few, like blende- 
have their easiest cleavage dodecahedral. These I have teexplain. I 
may however first observe that some substances—as, for instance, 
fluor-spar—which have a very distinct octahedral cleavage are rarely | 
met with in the form of octahedra, but usually in eubes. In regard to | 
this, we must remember that the surface energy depends upon the 
nature of both the substances in contact at the surface, as well as on 
their electrical condition, their temperature, and other cireumstanees. 
The closeness of the molecules in the surface of the solid determines the 
energy, So far as the solid alone is concerned; but that is not the only 
—though it may be the most important—factor conducing to the result 
It is therefore quite possible that, under the cireumstances in which 
the natural crystals of fluor were formed, the surface energy of the 
eubiecal faces was less than that of the octahedral, although when we 
experiment on them in the air, it is the other way. This supposition 
is confirmed by the well-known fact that the form assumed by many 
salts in crystallizing is affected by the character of the solution. Thus 
alum, which from a solution in pure water always assumes the oeta- 
hedral form, takes the cubic form when the solution has been neutra- 
lized with potash. 

To return to the cubie and dodecahedral cleavages. If we suppose 
the excursions of the parts of the molecule to be greater in one diree- 
tion than in the others, the figure within which the molecule is comprised 
will be a prolate spheroid; if less, an oblate spheroid. Now, as already 
explained, the spheroids will be packed as closely as possible if the axes 
are all paralled and each is touched by twelve others. Now suppose 
the spheroids arranged as in Fig. 6, with their axes perpendicular to 
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the plane of the figure; place the next layer in the black triangular 
spaces, and complete the pyramid. The three faces of the pyramid 
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will be equal isoscles trangies; and if the spheroids de oblate, and the 
axis half the greatest diameter, the three angles at the apex of the pyra- 
mid will beright angles. The crystal will have cubic symmetry, but the 
relative condensation in the faces of the cube, octahedron, and dodeca- 
hedron, will be as 1:0°5774:0-7071L. The easiest cleavage would there- 
fore be cubic, as in rock salt and galena. 

Again, if the spheroids have their axes and greatest diameters in the 
ratio of 1: 2, and we place four, as in Fig. 7 


7, with their axes perpen- 
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dicular tv the plane of the figure, then place one upon them in the 
middle, aud then four more upou it, in positions corresponding to those 
of the first four, we get a cubical arrangement, the center of a spheroid 
in each angle of a cube, and one in the center of the cube. Crystals 
so formed will have cubic symmetry, but the concentration of molecules 
will be greatest in the faces of the dodecahedron, and their easiest 
cleavage will be, like that of blende, dodecahedral. 

if spheroids of any other dimensions be arranged, as in Figs. 1 end 
2, with their axes perpendicular to the plane of Fig. 1, we shall get a 
erystal with the symmetry of the pyramidal system. If the spheroids 
be prolate, the fundamental octahedron will be elongated in the diree- 
tion of the axis, and if sufficiently elongated, the greatest condensation 
will be in planes perpendicular to the axis, and the easiest cleavage, as 
in prussiate of potash, in those planes. On the other hand, if the 
spheroids be sufficiently oblate, the easiest cleavage will be parallel to 
the axis. 

If spheroids be arranged, as in Fig. 6, with their axes perpendicular 
to the plane of the figure, they will, in general, produce rhombohedral 
symmetry, with the rhombs acute or obtuse, according to the length 
or shortness of the axes of the spheroids. The cubical form already 
described is only a particular case of the rhombohedral. If the ratio 
between the axis of the spheroids and their greatest diameters be only 
alittle greater or a little less than 1 : 2, the condensation will be great- 
est in the faces of the rhombohedron, and the easiest cleavage will be 
rhombohedral, as in calcite. If the spheroids be prolate, the easiest 
cleayage will be perpendicular to the axis of symmetry, as in beryland 
many other crystals. Such crystals have a tendency to assume hex- 
agonal forms—equiangular six-sided prisms and pyramids. To explain 
this, it may be seen in Fig. 6 that, in placing the next layer upon the 
spheroids represented in the figure, the three spheroids which touch that 
marked a may occupy either the three adjacent white triangles or the 
three black ones. Either position is equally probable. The layer oc- 
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cupying the white triangles is in the position of a twin to that occupy- 
ing the black triangles. So far as the central parts of the layer are 
concerned, it will make no difference in which of these ways the mole- 
cules are packed. It is only at the edges that the surface tension will 
be affected. If the form growing be a rhombohedron, a succession of 
alternating twins will produce a series of alternating ridges and fur- 
rows in the rhombohedral faces, which will give rise to increased sur- 
face tension, which will tend to prevent the twinning. On the other 
hand, a hexagonal form and its twin, formed in the way indicated, are 
identical, and we have in this fact a cause tending to the production of 
hexagonal forms. This tendeney is increased by the fact that, for a 
given volume, the total surface of the hexagonal forms is in general 
less than that of the rhombohedral. Indeed, such forms lend them- 
selves to the formation of almost globular crystals, as is well seen in 
pyromorphite and mimetite. 

If the spheroids be arranged with their axes in other positions than 
those we have been disenssing, or if the molecules occupy ellipsoidal 
spaces, they will, when packed so that each is touched by twelve oth- 
ers, give figures of less symmetry. The results may be worked out on 
the lines indicated in the foregoing discussion, and will be found to 
correspond throughout to the observed facts. 

Bravais long ago proposed various arrangements of molecules to 
account for erystalline forms, and Sohneke has extended them to 
further degrees of complication in order to account for additional facts 
in crystallography. But neither of them has given any reason why 
the molecules should assume such arrangements. To me it seems that 
only one arrangement can be spontaneously assumed by the molecules, 
and that the varieties of crystalline form depend on the dimensions of 
the ellipsoids and the orientation of their axes. Curie also has indi- 
cated that the development of combined forms, as those of cube and 
octahedron, will depend on the surface tensions in the faces of these 
forms, but he has not indicated how the surface tension is connected 
with the crystalline arrangement, or why the energy of a cubie face 
should be greater or less than that of an octahedral face. 

We are now in a position to understand the interesting facts brought 
forward by Prof. Judd in a discourse delivered at the Royal Institution 
early this year. However long a crystal has been out of the solution 
or vapor from which it was formed, its surface tension will remain 
unaltered, and when it is replaced it will grow exactly as if it had not 
been removed. Also, if any part be broken off it, the tension of the 
broken surface will, if it be not a cleavage face, be greater than on a 
face of the crystal, and in growing, the laws of energy necessarily cause 
it to grow in such a way as to reduce the potential energy—that is, to 
replace the broken surface by the regular planes of less surface energy. 
The formation of “negative crystals” by fusing a portion in the interior 
of a crystalline mass is due to the same principle. Surfaces of least 


ee 


es sy 


CRYSTALLIZATION. 279 


energy will be most easily produced inside as well as outside, and in a 
crystalline mass of course they will be parallel to the external faces of 
the crystal. We see the same thing in the action of solvents. Most 
metals assume a crystalline texture on cooling from fusion, and when 
slowly acted on by dilute acids the surfaces of greater energy are most 
easily attacked, in accordance with the laws of energy, and the undis- 
solved mnetal is left with surfaces of least energy which are the faces of 
crystals. This is easily seen on treating a piece of tin plate or of gal- 
vanized iron with very dilute aqua regia. In fact, solution is closely 
connected with surface energy. It is probably the low surface energy 
of one form of crystals of sulphur which makes them insoluble in ear- 
bon disulphide, and this low surface energy may be an electrical effect. 

I pointed out that the development of all the faces of a form-and the 
similar modification of all corresponding edges and angles of a crystal are 
in general necessary in order to produce equilibrium under the surface 
tensions. But we sometimes find crystals with only half the modifica- 
tions required for symmetry. In such cases the surface tensions must 
produce a stress in the interior tending to deform the molecules. When 
the crystal was growing there must have been equilibrium, and there- 
fore a pressure equal and opposite to this effect of the surface tension. 
There are various ways in which we may suppose that such a force 
would arise. The electric field might give rise to a stress in opposition 
to the aggregation of the molecules in the closest possible way, and 
then the erystal would grow such faces as would produce an equal and 
opposite stress. Inequalities of temperature or the presence of mole- 
cules of other kinds amongst those of the crystal might produce similar 
results. When the stress due to electricity or to temperature was 
removed by change of circumstances, that due to the surface tensions 
would persist, and the crystal would be left with an internal strain. 
Crystals of this sort, with unsymmetric faces, generally betray the 
internal strain either by developing electricity of opposite kinds at the 
two ends when heated or cooled, or they affect polarized light, rotat- 
ing the plane of polarization. That these effects are due to the internal 
strain is shown by the fact that tourmalines and other crystals which 
are pyro-electric when unsymmetrical show no such property when sym- 
metrically grown. Also sodium chlorate in solution, quartz when fused, 
and so on, lose their rotatory power. Substances which in solution show 
rotatory power as a rule deyglop unsymmetric crystals. This is well 
seen in the tartrates. The constitution of the molecules must be such 
that they will not without some strain form crystals; and equilibrium 
when the crystal is growing is attained by means of the opposing stress 
due to want of symmetry in the surface tensions. In all such crystals 
the rotatory power of the solution disappears in whole or in part. We 
ean not test this in biaxial crystals, but, according to Des Cloiseaux, 
sulphate of strychnine is the only substance which shows rotation both 
in the solution and in the crystalline form, and in it the rotatory power 
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slice of prussiate of eee which is uniaxial, may by compression be. ; 
distorted so as to give in a convergent beam of polarized light abbas 
rings and two eyes like a biaxial erystal. 


THE REJUVENESCENCE OF CRYSTALS.* 


By Prof. Joon W. Jupp, F. R. S. 


Very soon after the invention of the microscope the value of that in- 
Sstrument in investigating the phenomena of crystallization began to be 
recognized. 

The study of crystal morphology and erystallo-genesis was initiated 
in this country by the observations of Robert Boyle; and since his day 
a host of investigators—among whom may be especially mentioned 
Leeuwenhoek and Vogelsang in Holland, Link and Frankenheim in 
Germany, and Pasteur and Senarmont in France—have added largely 
to our knowledge of the origin and development of crystalline struc- 
tures. Nor can it be said with justice that this field of investigation, 
opened up by English pioneers, has been ignobly abandoned to others, 
for the credit of British science has been fully maintained by the nu- 
merous and brilliant discoveries in this department of knowledge by 
Brewster and Sorby. 

There is no branch of science which is more dependent for its prog- 
ress on a knowledge of the phenomena of crystallization than geology. 
In seeking to explain the complicated phenomena exhibited by the crys- 
talline masses composing the earth’s crust, the geologist is constantly 
compelled, to appeal to the physicist and chemist; from them alone can 
he hope to obtain the light of experiment and the leading of analogy 
whereby he may hope to solve the problems which confront him. 

But if geology owes much to the researches of those physicists and 
chemists who have devoted their studies to the phenomena of crystalli- 
zation, the debt has been more than repaid through the new light 
which has been thrown on these questions by the investigations of nat- 
urally formed crystals by mineralogists and geologists. 

In no class of physical operations is time such an important factor as 
in crystallization, and Nature, in producing her inimitable examples of 
crystalline bodies, has been unsparing in her expenditure of time. 
Hence it is not surprising to find that some of the most wonderful phe- 
nomena of crystallization can best be studied—some indeed can only 
be studied—in those exquisite specimens of Nature’s handiwork which 


*The Friday evening discourse, delivered at the Royal Institution on January 30, 


1891. (From Nature, May 28, 1891; vol. xLiv, pp. 83-86.) pe 
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have been slowly elaborated by her during periods which must be 
measured in millions of years. 

I propose to-night to direct your attention to a very curious case in 
which a strikingly complicated group of phenomena is presented in a 
crystalline mass, and these phenomena, which have been revealed to 
the student of natural crystals, are of such a kind that we can scarcely 
hope to re-produce them in our test-tubes and crucibles. 

But if we can not expect to imitate all the effects which have in this 
case been slowly wrought out in Nature’s laboratory, we can at least 
investigate and analyze them, and, in this way, it may be possible to 
show that phenomena like those in question must result from the pos- 
session by crystals of certain definite properties. Hach of these prop- 
erties, we shall see, may be severally illustrated and experimentally in- 
vestigated, not only in natural products, but in the artificially formed 
crystals of our laboratories. 

In order to lead up to the explanation of the curious phenomena ex- 
hibited by the rock-mass in question, the first property of crystals to 
which I have to refer may be enunciated as follows: 

Crystals possess the power of resuming their growth after interrup-. 
tion, and there appears to be no limit to the time after which this re- 
sumption of growth may take place. 

It is a familiar observation that if a crystal be taken from a solution 
and put aside it will, if restored after a longer or shorter interval to the 
Same or a Similar solution, continue to increase as before. But geology 
affords innumerable instances in which this renewal of growth in erys- 
tals has taken place after millions of years must have elapsed. Still 
more curious is the fact, of which abundant proof can be given, that a 
crystal formed by one method may, after a prolonged interval, continue 
its growth under totally different conditions and by a very different 
method. Thus, crystals of quartz, which have clearly been formed in a 
molten magma and certain inclosures of glass, may continue their 
growth when brought in contact with solutions of silica at ordinary 
temperatures. In the same way, crystals of feldspar, which have been 
formed in a mass of incandescent lava, may increase in size when sol- 
vent agents bring to them the necessary materials from an enveloping 
mass of glass, even after the whole mass has become cold and solid. 

It is this power of resuming growth after interruption which leads 
to the formation of zoned crystals, like the fine specimen of amethyst 
nclosed in colorless quartz, which was presented to the Royal Institu- 
tion seventy years ago by Mr. Snodgrass. 

The growth of crystals, like that of plants and animals, is determined 
by their environment, the chief conditions affecting their development 
being temperature, rate of growth, the supply of materials (which may 
vary in quality as well as in quantity), and the presence of certain 
foreign bodies. 

It is a very curious circumstance that the form assumed by a crystal 
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may be completely altered by the presence of infinitesimal traces of 
certain foreign substances—foreign substances, be it remarked, which 
do not enter in any way into the composition of the crystallizing mass. 
Thus there are certain crystals which can only be formed in the pres- 
ence of water, fluorides, or other salts. Such foreign bodies, which 
exercise an influence on a crystallizing substance without entering 
into its composition, have been called by the French geologists “miner- 
alizers.” Their action seems to curiously resemble that of diastase 
and of the bodies known to chemists as “ ferments,” so many of which 
are now proved to be of organic origin. 

Studied according to their mode of formation, zoned erystals fall 
naturally into several different classes. we 

In the first place, we have the cases in which the successive shells 
or zones differ only in color or some other accidental character. Some- 
times such differently colored shells of the crystal are sharply cut off 
from one another, while in other instances they graduate imperceptibly 
one into the other. 

A second class of zoned crystals includes those in which we find 
clear evidence that there have been pauses, or at all events changes 
in the rate of their growth. The interruption in growth may be indi- 
cated in several different ways. One of the commonest of these is the 
formation of cavities filled with gaseous, liquid, or vitreous material, 
according to the way the crystal has been formed, by volatilization, 
by solution, or by fusion, the production of these cavities indicating 
rapid or irregular growth. Not unfrequently is it clear that the 
crystal, after growing to a certain size, has been corroded or partially 
resorbed in the mass in which it is being formed, before its increase 
was resumed. In other cases, a pause in the growth of the crystal is 
indicated by the formation of minute foreign crystals or the depo- 
sition of unerystallized material along certain zonal planes in the 
erystal.* 

Some very interesting varieties of minerals, like the Cotterite of 
Ireland, the red quartz of Cumberland, and the spotted amethyst 
of Lake Superior, can be shown to owe their peculiarities to thin bands 
of foreign matter zonally included in them during their growth. 

A curious class of zoned erystals arises when there is a change in 
the habit of the crystal during its growth. Thus, as Levalle showed 
in 1851 (Bull. Géol. Soc. Paris, 2™°. sér., vol. VII, pp. 610-13), if an 
octahedron of alum be allowed to grow to a certain size in a solution 
of that substance, and then a quantity of alkaline carbonate be added 
to the liquid, the octahedral crystal, without change in the length of 
its axes, will be gradually transformed into a cube. In the same way, 
a scalenohedron of calcite may be found inclosed in a prismatic crystal 
of the same mineral, the lengths of the vertical axes being the same in 
both erystals. 

By far the most numerous and important class of zoned crystals is 
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that which includes the forms where the successive zones are of differ- 
ent, though analogous, chemical composition. In the case of the alums 
and garnets, we may have various isomorphous compounds forming 
the successive zones in the same crystal; while, in substances ecrystal- 
lizing in other systems than the cubic, we find plesiomorphous com- 
pounds forming the different inclosing shells. 

Such cases are illustrated by many artificial crystals and by the 
tourmalines, the epidotes, and the feldspars among minerals. The zones, 
consisting of different materials, are sometimes separated by well 
marked planes, but in other cases they shade imperceptibly into one 
another. 

In connection with this subject it may be well to point out that 
zoned crystals may be formed of two substances which do not crystal- 
lize in the same system. Thus, crystals of the monoclinic augite may 
be found surrounded by a zone of the rhombic enstatite and crystals 
of a triclinic felspar may be found enlarged by a monoclinic feldspar. 

Still more curious is the fact that, where there is a similarity in crys- 
talline form and an approximation in the dominant angles (plesiomor- 
phism), we may have zoning and intergrowth in the crystals of sub- 
stances which possess no chemical analogy whatever. Thus, as Senar- 
mont showed in 1856, a cleavage-rhomb of the natural calcic carbonate 
(calcite), when placed in a solution of the sodic nitrate, becomes en- 
veloped in a zone of this latter substance, and Tschermak has proved 
that the compound crystal thus formed behaves like a homogeneous 
one, if tested by its cleavage, by its susceptibility to twin lamellation, 
or by the figures produced by etching. In the same way, zircons, which 
are composed of the two oxides of silicon and zirconium, are found 
grown in composite crystals with xenotime, a phosphate of the metals 
of the cerium and yttrium groups. 

These facts, and many similar ones which might be adduced, point 
to the conclusion that the beautiful theory of isomorphism, as originally 
propounded by Mitscherlich, stands in need of much revision as to many 
important details, if not indeed of complete reconstruction, in the light 
of modern observation and experiment. 

The second property of crystals to which I must direct your attention 
is the following: 

If a crystal be broken or mutilated in any way whatever, it possesses 
the power of repairing its injuries during subsequent growth. 

As long ago as 1836, Frankenheim showed that, if a drop of a sat- 
urated solution be allowed to evaporate on the stage of a microscope, 
the following interesting observations may be made upon the growing 
crystals. When theyare broken up by a rod, each fragment tends to re- 
form as a perfect crystal; and if the crystals be caused to be partially 
re-dissolved by the addition of a minute drop of the mother liquor, 
further exaporation causes them to resume their original development 
(Pogg. Ann., 1836, Bd. XXxXvII). 
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TM 1842, Hermann Jordan showed that crystals taken from a solution 
and mutilated gradually became repaired or healed when replaced in 
the solution (Miiller Archiv. fiir 1842, pp. 46-56). Jordan’s observa- 
tions, which were published in a medical journal, do not however seem 
to have attracted much attention from the physicists and chemists of 
the day. 

Lavalle, between the years 1850 and 1853,* and Kopp, in the year 
1855, made a number of valuable observations bearing on this interest- 
ing property of crystals (Liebig Ann., 1855, xcIv., pp. 118-25). In 1856 
the subject was more thoroughly studied by three investigators who 
published their results almost simultaneously; these were Marbach 
(Compt. rend., 1856, XLIII, pp. 705-706, 800-802), Pasteur (ibid., pp. 795- 
800), and Senarmont (ibid., p. 799). They showed that crystals, taken 
from a solution and mutilated in various ways, upon beiug restored to 
the liquid became completely repaired during subsequent growth. 

As long ago as 1851, Lavalle had asserted that, when one solid angle 
of an octahedron of alum is removed, the crystal tends to reproduce 
the same mutilation on the opposite angle when its growth is resumed! 
This remarkable and anomalous result has however by some subse- 
quent writers been explained in another way to that suggested by the 
author of the experiment. 

In the same way the curious experiments performed at a subsequent 
date by Karl von Hauer, experiments which led him to conclude that 
hemihedrism and other peculiarities in crystal growth might be induced 
by mutilation,t have been asserted by other physicists and chemists 
not to justify the startling conclusions drawn from them at the time. 
It must be admitted that new experiments bearing on this interesting 
question are at the present time greatly needed. 

In 1881, Loir demonstrated two very important facts with regard to 
growing crystals of alum (Compt. rend., Bd. xcrt, p. 1166). First, that 
if the injyries in such a crystal be not too deep, it does not resume 
growth over its general surface until those injuries have been repaired. 
Secondly, that the injured surfaces of crystals grow more rapidly than 
natural faces. This was proved by placing artificially cut octahedra 
and natural crystals of the same size in a solution and comparing their 
weight after a certain time had elapsed. 

The important results of this capacity of crystals for undergoing 
healing and enlargement and their application to the explanation of 
interesting geological phenomena have been pointed out by many au- 


*Bull. Géol. Soc. Paris, 2”° sér., vol. vir, pp. 610-13, 1851; Moigno, Cosmos, 11, 1853, 
pp. 451-56; Compt. rend., XxxVi., 1853, pp. 493-95. 

tWien, Sitz. Ber., Xxx1X., 1860, pp. 611-22; Erdmann, Journ. prakt. Chem., LXXXt. 
pp. 356-62; Wien, Geol. Verhandl., X11. pp. 212-18, ete. ; Frankenheim, Pogg. Ann., CXIil, 
1861. Compare Fr. Scharff, Pogg. Ann., CIX, 1860, pp. 529-38; Neues Jahrb. fiir Min., 
etc., 1876, p. 24; and W. Sauber, Liebig Ann., CxX1v., 1862, pp. 78-82; also W. Ostwald, 
“Lehrbuch d. Allg. Chem.,” 1885, Bd.1, p, 738, and O. Lehmann, ‘Molekular Phy- 
sik,” 1888, Bd. 1, p. 312, 
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thors. Sorby has shown that, in the so-called crystalline sand grains, 
we have broken and worn crystals of quartz, which, after many vicis- 
situdes and the lapse of millions of years, have grown again and been 
enveloped in a newly formed quartz crystal. Bonney has shown how 
the same phenomena are exhibited in the case of mica, Becke and 
Whitman Cross in the case of hornblende, and Merrill in the case of 
augite. Inthe feldspars of certain rocks it has been proved that crystals 
that have been rounded, cracked, corroded, and internally altered— 
which have, in short, suffered both mechanical and chemical injuries— 
may be repaired and enlarged with material that differs considerably 
in chemical composition from the original crystal. 

It is impossible to avoid a comparison between these phenomena of 
the inorganic world and those so familiar to the biologist. It is only 
in the lowest forms of animal life that we find an unlimited power of 
repairing injuries: in the Rhizopods and some other groups a small 
fragment may grow into a perfect organism. In plants the same phe- 
nomenon is exhibited much more commonly, and in forms belonging to 
groups high up in the vegetable series. Thus, parts of a plant, such 
as buds, bulbs, slips, and grafts, may—sometimes after a long inter- 
val—be made to grow up into new and perfect individuals. But in 
the mineral kingdom we find the same principle carried to a much 
further extent. We know in fact no limit to the minuteness of frag- 
ments which may, under favourable conditions, grow into perfect erys- 
tals, no bounds as to the time during which the crystalline growth 
may be suspended in the case of any particular individual. 

The next property of crystals which I must illustrate, in order to 
explain the particular case to which I am ealling your attention to- 
night, is the following: 

Two crystals of totally different substances may be developed within 
the space bounded by certain planes, becoming almost inextricably 
inter-grown, though each retains its distinct individuality. 

This property is a consequence of the fact that the substance of a 
crystal is not necessarily continuous within the space inclosed by its 
bounding planes. Crystals often exhibit cavities filled with air and 
other foreign substances. In the calcite crystals found in the Fon- 
tainebleau sandstone, less than 40 per cent of their mass consists of 
calcic carbonate, while more than 60 per cent is made up of grains of 
quartz sand, caught up during ><ystallization. 

In the rock called “graphic granite,” we have the minerals orthoclase 
and quartz intergrown in such a way that the more or less isolated 
parts of each can be shown, by their optical characters, to be parts of 
great mutually interpenetrant crystals. Similar relations are shown in 
the so-called micrographic or micro-pegmatic intergrowths of the same 
minerals which are so beautifully exhibited in the rock under our con- 
sideration this evening. 

There is still another property of crystals that must be kept in 
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mind if we would explain the phenomena exhibited by this interest- 
ing rock: 

A crystal may undergo the most profound internal changes, and 
these may lead to great modifications of the optical and other phys- 
ical properties of the mineral; yet, so long as a small—often a very 
small—proportion of its molecules remain intact, the crystal may re- 
tain, not only its outward form, but its capacity for growing and re- 
pairing injuries. 

Crystals, like ourselves, grow old. Not only do they suffer from ex- 
ternal injuries, mechanical fractures, and chemical corrosion, but from 
actions which affect the whole of their internal structure. Under the 
influence of the great pressures in the earth’s crust, the minerals of 
deep-seated rocks are completely permeated by fluids which chemically 
react upon them. In this way, negative crystals are formed in their 
substance (similar to the beautiful “ice-flowers” which are formed when 
a block of ice is traversed by a beam from the sun or an electric lamp), 
and these become filled with secondary products. As the result of this 
action, minerals, once perfectly clear and translucent, have acquired 
cloudy, opalescent, iridescent, avanturine, and “schiller” characters; 
and minerals, thus modified, abounded in the rocks that have at any 
period of their history been deep-seated. As the destruction of their 
internal structure goes on, the erystals gradually lose more and more 
of their distinctive optical and their physical properties, retaining how- 
ever their external form, till at last, when the last of the original 
molecules is transformed or replaced by others, they pass into those 
mineral corpses known to us as ‘‘pseudomorphs.” 

But while crystals resemble ourselves in ‘growing old,” and, at last, 
undergoing dissolution, they exhibit the remarkable power of growing 
young again, which we, alas! never do. This is in consequence of the 
following remarkable attribute of crystalline structures, 

It doesnot matter how far internal change and disintegration may 
have gone on in a crystal; if only a certain small proportion of the 
unaltered molecules remain, the crystal may renew its youth and re- 
sume its growth. 

When old and much altered crystals begin to grow again, the newly 
formed material exhibits none of those marks of “senility” to which L 
have referred. Thesand grains that have been battered and worn into 
microscopic pebbles and have been rendered cloudy by the development 
of millions of secondary fluid cavities may have clear and fresh quartz 
deposited upon them to form crystals with exquisitely perfect faces 
and angles. The white, clouded, and altered feldspar crystals may be 
enveloped by a zone of clear and transparent material, which has been 
added millions of years after the first formation and the subsequent 
alteration of the original crystal. 

We are now in position to explain the particular case which I have 
thought of sufficient interest to claim your attention to-night. 
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In the Island of Mull, in the Inner Hebrides, there exist masses of 
granite of Tertiary age, which are of very great interest to the geol- 
ogist and mineralogist. In many places this granite exhibits beau- 
tiful illustrations of the curious inter-growths of quartz and feldspar, of 
which I have already spoken. Such parts of the rock often abound 
with cavities (druses), which I believe are not of original, but of sec- 
ondary origin. At all events, it can be shown that these cavities have 
been localities in which crystal growth has gone on; they constitute in- 
deed veritable laboratories of synthetic mineralogy. 

Now, in such cavities the inter-penetrant crystals of quartz and feldspar 
in this rock have found a space where they may grow and complete their 
outward form; and it is curious to see how sometimes the quartz has 
prevailed over the feldspar and a pure quartz crystal has been produced, 
while at other times the opposite effect has resulted and a pure feldspar 
individual has grown up. In these last cases, however much the orig- 
inal feldspar may have been altered (kaolinized and rendered opaque), 
it is found to be completed by a zone of absolutely clear and unaltered 
feldspar substance. The result is that the cavities of the granite are 
lined with a series of projecting crystals of fresh quartz and clear feld- 
spar, the relations of which to the older materials in an altered condition, 
composing the substance of the solid rock, are worthy of the most care- 
ful observation and reflection. 

Those relations can be fully made out when thin sections of the rock 
are examined under the microscope by the aid of polarized light, and 
they speak eloquently of the possession by the crystals of all those 
curious peculiarities of which I have reminded you this evening. 

By problems such as those which we have endeavoured to solve to- 
night, the geologist is beset at every step. The crust of our globe is 
built up of crystals and crystal fragments—of crystals in every stage of 
development, of growth, and of variation—of crystals undergoing change, 
decay, and dissolution. Hence the study of the natural history of erys- 
tals must always constitute one of the main foundations of geological 
science, and the future progress of that science must depend on how 
far the experiments carried on in laboratories can be made to illustrate 
and explain our observations in the field. 


DEDUCTION FROM THE GASEOUS THEORY OF SOLUTION.* 


BY PROF. ORME MASSON. 
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Before passing on, let me briefly recapitulate the chief points in 
Van’t Hoff’s gaseous theory of solution and the experimental laws on 
which it is based. 

(1) In every simple solution the dissolved substance may be re- 
garded as distributed throughout the whole bulk of the solution. Its 
total volume is therefore that of the solution, the solvent playing the 
part of so much space; and its specific volume is the volume of that 
quantity of the solution which contains 1 gram of the substance. To 
avoid confusion, it is best to speak of this as the specific solution 
volume (v) of the substance. It is obviously in inverse ratio to the 
concentration. 

(2) In every simple solution the dissolved substance exerts a definite 
osmotic pressure (p). This is normally independent of the nature of 
the solvent. It varies inversely as the specific solution volume (or di- 
rectly as the concentration), and directly as the absolute temperature 
(7). We may then write for solutions, as we do for gases, the equation 
p.v=r. T, where p and v have their specialized meanings, and ris a 
constant*for each soluble substance. 

(3) The molecular solution volume of all dissolved substances is the 
same if they are compared at the same temperature and osmotic press- 
ure. If m be the molecular weight, m.v = V is the molecular solution 
volume; and we can now write, as we do for gases, p V.= &. 7, where 
R is the same constant for all substances. 

(4) This constant & has the same value when the formula is applied 
to the dissolved state as when it is applied to the gaseous state itself. 

(5) The gaseous laws, as I have stated them, are not absolutely true 
for dissolved matter in all circumstances. Dissociation often occurs, 
as it may occur in the process of vaporization, thus causing apparent 
exceptions, but apart from this there are and must be variations from 


* Part of an address delivered by the President of Section B of the Australian 
Asociation for the Advancement of Science, January, 1891, (From Nature, Feb. 12, 
1891; vol. XLUI., pp. 345-349.) 
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the laws in the case of solutions of great concentration, just as there 
are in the case of gases and vapors of great concentration—for in- 
stance, in the neighborhood of the critical point. 

T wish now to ask your attention more particularly to the actual 
process of dissolving, and then to lay before you a hypothesis, which, 
as it seems to me, is a logical consequence of the general theory. 

Imagine, then, a soluble solid in contact with water at a fixed tem- 
perature. The substance exercises a certain pressure, in right of which 
it proceeds to dissolve. This pressure is analogous to the vapor pres- 
sure of a volatile body in space, the space being represented by the 
solvent; and the process of solution is analogous to that of vaporiza- 
tion. As the concentration increases, the osmotic pressure of the dis- 
solved portion increases, and tends to become equal to that of the un- 
dissolved portion; just as, during vaporization in a closed space, the 
pressure of the accumulating vapor tends to become equal to the 
vapor pressure of the liquid. But if there be enough water present, 
the whole of the solid will go into solution, just as the whole of a vola- 
tile body will volatilize if the available space be sufficient. Such a 
solution may be exactly saturated or unsaturated. With excess of the 
solvent it will be unsaturated, and the dissolved matter will then be 
in a state comparable to that of an unsaturated vapor, for its osmotic 
pressure will be less than the possible maximum corresponding to the 
temperature. On the other hand, if there be not excess of water pres- 
ent during the process of solution, a condition of equilibrium will be 
arrived at when the osmotic pressure of the dissolved portion becomes 
equal to the pressure of the undissolved portion, just as equilibrium 
will be established between the volatile substance and its vapor if the 
space be insufficient for complete volatilization. In such a case we get 
a saturated solution in presence of undissolved solid, just as we may 
have a saturated vapor in presence of its own liquid or solid. 

So far we have supposed the temperature to be stationary, but it 
may be raised. Now, a rise of temperature will disturb equilibrium in 
either case alike, for osmotic pressure and vapor pressure are both 
increased by this means, and a re-establishment of equilibrium neces- 
sitates increased solution or vaporization, as the case may be. 

Now, what will this constantly increasing solubility with rise of tem- 
perature eventually lead to? Will it lead to a maximum of solubility 
at some definite temperature beyond which increase becomes impos- 
sible? Or will it go on in the way it has begun, so that there will 
always be a definite, though it may be a very great, solubility for every 
definite temperature? Or will it lead to infinite solubility before in- 
finite temperature is obtained? One or other of these things must 
happen, provided of course that chemical change does not intervene. 

Well, let us be guided by the analogy that has hitherto held good. 
Let us see what this leads us to, and afterwards examine the availa- 
ble experimental evidence, We know that a volatile liquid will at last 
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‘reach a temperature at which it becomes infinitely volatile—a tem- 


perature above which the liquid can not possibly exist in the presence 
of its own vapor, no matter how great the pressure may be. At this 
temperature, equilibrium of pressure between the liquid and its vapor 
becomes impossible, and above this point the substance can exist only 
as agas. This is the critical temperature. And so it seems to me 
that if we carry our analogy to its logical conclusion, we may expect 
for every substance and its solvent a definite temperature above which 
equilibrium of osmotic pressure between undissolved and dissolved 
substance is impossible—a temperature above which the substance 
cal not exist in presence of its own solution, or in other words a 
temperature of infinite solubility. This may be spoken of as the crit- 
ical solution temperature. 

But a little consideration shows that in one particular we have been 
somewhat inexact in the pursuance of our analogy, for we have com- 
pared the solution of a solid body to the vaporization of a volatile liquid. 
We can however do better than this, for volatile solid bodies are 
not wanting. It is to these, then, that we must look in the first in- 
stance. Now, a volatile solid (such as camphor or iodine) will not 
reach its critical point without having first melted at some lower tem- 
perature, and a similar change should be exhibited in the solution 
process. At some definite temperature, below that of infinite solubil- 
ity, we may expect the solid to melt. This solution melting point will 
not be identical with, but lower than, the true melting point of the 
solid, and for the following reason: No case is known, and probably 
no case exists, of two liquids one of which dissolves in the other and yet 
can not dissolve any of itin return. Therefore there will be formed by 
melting, not the pure liquid substance, but a solution of the solvent in 
the liquid substance. Hence the actual melting or freezing point 
must be lower than the true one, in right of the laws of which I have 
spoken “when discussing Raoult’s methods in the earlier part of this 
address. 

From this solution melting-point upwards we shall then have to deal 
with two liquid layers, each containing both substance A and solvent 
B, but the one being mostly substance A and the other mostly solvent 
B. These may be spoken ot as the A layer and the Bb layer. As temper- 
ature rises, the proportion of A will decrease in the A layer and increase 
in the B layer; and every grain of A will occupy an increasing solu- 
tion volume in the A layer (B being absorbed there) and a decreasing 
solution volume in the B layer. At each temperature the osmotic pres- 
sures of A in the two layers must be equal. The whole course of affairs, 
as thus conceived, now admits of the closest comparison with the 
changes which accompany gradual rise of temperature in the case of a 
volatile liquid and its saturated vapor. The liquid is like the substance 
A in the A layer; the vapor (which is the same matter in another 
state) is like the same substance A in the B layer. As temperature 
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rises the liquid diminishes in total quantity, the vapor increasing; but 
the specific volume of the liquid increases, while that of the vapor de- 
creases. The residual liquid is, in fact, constantly encroaching on the 
space of its vapor, just as the residual substance A in the A layer is 
constantly absorbing the solvent B from the B layer. Finally, in either 
case, the specific volume of the substance will become identical in both 
layers, which means that the layers themselves will become homogene- 
ous and indistinguishable. Our system will then have reached its 
critical temperature—the temperature of infinite volatility in the one 
case and of infinite solubility in the other. 

So much for hypothesis. Are there any facts in support of it? Well, 
in the first place the hypothesis demands that (in the absence of chem- 
ical change) increase of solubility with rise of temperature shall be as 
general a law as increase of vapor pressure, and we find that this agrees 
with the known facts, more especially since Tilden and Shenstone (Phil. 
Trans., 1884) cleared up certain doubtful cases. Secondly, the hypothesis 
seems to demand some connection between the true melting points of 
salts and the rates of their increase of solubility; and such a relation 
has in a general way been established by the same observers. Thirdly, 
we have the fact, in complete accordance with the hypothesis, that while 
no case is known of a solid body having, as such, infinite solubility in 
any simple solvent, several cases are known of liquids of infinite solu- 
bility, and also of solids which, after they have melted in presence of 
their own solution, become at some higher temperature infinitely soluble. 
This last statement refers to the cases described by Alexéeff ( Wiede- 
mann’s Annalen, 1886), of which 1 must say a good deal more directly. 
It would seem to apply also to the case of silver nitrate, which Tilden 
and Shenstone described as dissolving in water to the extent of 18.25 
parts to one at so low a temperature as 130° C. The true melting-point 
of the salt is 217°, and I have seen it stated (but have been unable to 
find the published account) that Shenstone has himself shown it to be 
fusible in water, and of infinite solubility at quite reachable temper- 
atures. 

With regard to substances that are liquid under ordinary conditions, 
we have the well-known fact that some pairs are infinitely soluble in 
one another, while others exhibit the phenomenon of only partial solu- 
bility. The hypothesis would draw no hard and fast distinction 
between these cases, except the practically important one that such a 
mixture as that of ether and alcohol, which belongs to the first class, 
is usually above its critical solution point, while such a one as ether 
and water, which belongs to the second class, is usually below it. It 
should be possible, according to the hypothesis, to cool mixtures of 
ether and alcohol sufficiently to cause separation into two layers, simi- 
lar to those observed at the ordinary temperature in the case of ether 
and water; but I do not know that this has yet been put to the test of 
experiment, 
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Alexéeff's experiments appear to me to be of the very highest 
importance, and to merit the closest attention in any in juiry into the 
nature of solution. As already stated, they afford the strongest sup- 
port to the hypothesis which I have been discussing; indeed, had it 
not been for this support, I should hardly have ventured to discuss it 
at all. They refer to solutions in water, below and above 100°, of 
phenol, salicylic acid, benzoic acid, aniline phenylate, and aniline, and 
to solutions in molten sulphur of chlorobenzene, benzene, toluene, 
aniline, and mustard oil. All these afford instances of reciprocal par- 
tial solution throughout a considerable range of temperature, leading 
eventually at a definite temperature to infinite solubility. Several of 
them afford instances also of solid substances with solution melting- 
points below their true melting-points. 

Alexéeff experimentally determined the temperatures at which dif.- 
ferent mixtures of the same two liquids are just converted into clear 
solutions; or, in other words, he ascertained the strengths of the satu- 
rated solutions corresponding to different temperatures. For each 
pair of liquids he found that when a particular strength of mixture is 
reached, the temperature of saturation is lowered by further addition 
of. either liquid. Thus a mixture of about 37 parts aniline to 63 parts 
water requires a temperature of 164°-5 to convert it into a homoge- 
neous solution; but one of 21 of aniline to 79 of water assumes this 
condition at 156°, and one of 74 of 
aniline to 56 of water does so at 
157°°5, He plotted his results in 
the form of curves, with tempera- «¢ PRS 
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for aniline and water is shown in 120° PREECE 
Fig. 1, and this may be takenas [Uff TT TIT irr rrr rr ry yt 
a fair representative, the general 
form of all being similar. It is @¢ 
at once apparent that for every 
temperature up to a certain limit 
there are two possible saturated 40° 
solutions, one of water in aniline 
and one of aniline in water, The 
limiting temperature at which °¢¢¢7—~3s Rg ee a 
there is but one possible saturated M 1. Oe Said SB eae auue- 
solution, and above which satu- 

ration becomes impossible, is called by Alexéeff the Mischungs Tem- 
peratur. It is what I have called the critical solution temperature. It 
is in the case of aniline and water about 167°, as nearly as one can 
judge from the curve without a greater number of experimental points 
than we have in this part; and the corresponding satruation strength 
is about 50 per cent. It is hardly necessary to say that this equality 
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of the two ingredients is an accident which does not characterize all 
cases. 

Now imagine a 50 per cent mixture of aniline and water sealed up 
in a tube, shaken, and gradually heated. Let us assume that the tube 
is only large enough to contain the mixture and allow of expansion by 
heat, so that evaporation may be neglected as too small to materially 
complicate the result. The course of events will be exactly what I 
have already described with reference to the hypothetical A layer and 
Blayer. There will be formed a saturated solution of water in aniline, 
which we may call the aniline layer, and a saturated solution of aniline 
in water—the water layer. “Given the temperature, the percentage 
strength of each layer may be read off from the curve. As the tem- 
perature rises, the two layers will effect exchanges in such a way that 
the aniline layer will become poorer and the water layer richer in 
aniline, and at about 167° the two layers will have attained equal 
strength and become merged into one. Were we to start with the 
aniline and water in any other proportions by weight, there would 
still be formed the two saturated solutions, but their relative amounts 
would be different, and one or other would be used up and disappear 
at a lower temperature than 167°. To attain the maximum tempera- 
ture of complete solution, you must start with the exact proportions 
which correspond to that temperature. 

But it is possible to learn even more from Alexéeff’s work than he 
himself has made evident. Let me eall your attention to the curve 
shown in Fig. 2*, the data for which I have caleulated in the following 
manner. 
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From Alexéeff’s percentage figures was deduced the weight of water 
capable of dissolving, or being dissolved by 1 gram of aniline at 


as it shows all that is essential to the argument. Of the twelve experimental points 
one appears to be somewhat misplaced; but this does not affect that part of the 
curve shown in the figure, 
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each of his experimental temperatures, so as to form a saturated solu- 
tion. Then from curves showing the expansion of pure water and 
pure aniline (the latter drawn from Thorpe’s data, Trans. Chem. Soc., 
1880) there were read the specific volumes of these substances at each 
of Alexéefi’s temperatures; and from the combined information thus 
obtained, there was calculated the total volume of that quantity of the 
saturated solution at each temperature which contains 1 gram of ani- 
line. This is what I have already called the specific solution volume. 
A slight error is involved by the fact that the volume of a solution is 
not exactly the sum of the volumes of its ingredients; but this error is 
- necessarily small—too small to afiect the general character of the curve 
or the nature of the lesson to be learned from it. 
The specific solution volumes of the aniline, calculated in this man- 
ner, were found to be as follows: 
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These specific solution volumes are represented as absciss# in Fig. 2, 
with the temperatures as ordinates. For the sake of comparison, | 
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Fic. 3.—Volume of alcohol (liquid and saturated vapor) weighing 1 gram. 


have placed side by side with it a specific volume and temperature 
curve (Fig. 3) for pure alcohol and its saturated vapor, plotted from 
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the experimental data of Ramsay and Young (Phil. Trans., 1886). The 
reason that aleohol was chosen is simply that the data were convenient 
to my hand. 

The two curves are strikingly similar in form and significance. In 
Fig. 3 we see the specific volume of liquid alcohol increasing slowly 
with rise of temperature, while that of the saturated vapor rather 
rapidly decreases. In Fig. 2 we see the specific solution volume of the 
aniline in the aniline layer slowly increasing, while that of the aniline 
in the water layer decreases more rapidly, with rise of temperature: 
In Fig. 3 we see that above the critical point the existence of liquid 
alcohol in presence of its vapor is impossible. In Fig. 2 we see that 
akove the critical solution point the existence of an analine layer in 
presence of a water layer is impossible. In Fig. 3 we see an inclosed 
area which represents those temperatures and specific volumes which 
are mutually incompatible. In Fig. 2 we see an inclosed area which 
represents those temperatures and specific solution volumes which are 
mutually incompatible. In Fig. 3 we see that any two points on the 
curve which correspond to equal temperature must also, from the na- 
ture of the case, correspond to equal osmotic pressure. In Fig. 3 some 
of the pressures are indicated, as this can be done from Ramsay and 
Young’s data. In Fig. 2 the value of the osmotic pressures can not be 
given, as they have not been experimentally determined. In Fig. 3 
any point outside of the curve and to the right, as at a, corresponds 
to the state of unsaturated alcohol vapor, whose temperature, specific 
volume, and pressure are indicated—the last by the isobaric line 
which passes through the point. In Fig. 2 any point outside the curve 
and to the right, as at a, must correspond to the state of an unsatur- 
ated aqueous solution of aniline, whose temperature and specific solu- 
tion volume can be read, and whose osmotic pressure could be indi- 
cated by an isobaric line, had we the data for plotting it. A little 
thought makes it evident, too, that such isobaric lines would follow 
the same general course as those shown in the alcohol diagram. 

Now, consider what must be the effect of gradually decreasing the 
volume of the unsaturated vapor in the one case and the solution 
volume of the aniline in the unsaturated solution in the other, while 
temperature is kept constant. In the case of the vapor (Fig. 3) the 
point a will pass to the left across lines of increasing pressure until 
the vapor becomes saturated at b. Then, if the diminution of volume 
continue, a portion of the vapor will condense to the liquid state, or 
be transferred to c, while the rest remains saturated vapor at b. With 
continued decrease of volume, the proportion condensed will con- 
stantly increase, but there can be no alteration of pressure till all is 
condensed; and after that nothing but a very slight diminution of 
volume is possible without a lowering of temperature. Well, how are 
we to diminish the solution volume of the aniline in the unsaturated 
aqueous solution? Clearly by depriving the solution of some of its 
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water, so as to leave the same quantity of aniline distributed through- 
out a smaller space. And what will be the result of doing this while 
temperature is kept constant? Evidently, as in the other case, the 
point @ (Fig. 2) will travel to the left, across lines of increasing 
osmotic pressure, until it reaches b—that is, until the solution is a 
Saturated one; and after that, if more water be abstracted, some of 
the aniline will be thrown out or condensed, not as pure aniline but 
as a Saturated solution of water in aniline, so that two layers will now 
coexist—the aniline in one having the specific solution volume repre- 
sented at ), and the aniline in the other having that represented at e. 
This transference from / to ¢ will continue, as water is abstracted, until 
the ratio of residual water to aniline is just enough to give the whole 
of the latter the specific solution volume shown atc. At this stage 
the water layer will disappear, and only a saturated solution of water 
in aniline will be left; and after that only a very small volume change 
can possibly result from further abstraction of water, as the specific 
solution volume is already not far from the specific volume of pure 
aniline itself at the same temperature. 

To complete the comparison of the two curves, let me point out that, 
just as we can from Fig. 3 calculate the distribution of alcohol between 
its liquid and its vapor layers under given conditions, so can we calcu- 
late from Fig. 2 the distribution of the aniline between the aniline 
layer and the water layer under given conditions. In the former case, 
if the total volume of a tube containing n grams of alcohol, at, say, 
230°, be nm x x, and if x be marked off (Fig. 3) between ) and ¢ on the 
line of that temperature, then (a, b, and c standing for the volumes 
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which can be read off on the horizontal base line) n. = 
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b 
weight of the alcohol in the vapor layer, and n . ae 


the liquid layer, and the volumes of the two layers in cubic centi- 

2 G—e b—«2 
meters aren.b. mag and n.c. ae 
equal ton.a. Just also with the aniline and water mixture (Fig. 2). 
If n x x be the total volume of the mixture (both layers together) 
containing » grams of aniline, at, say, 140°, and if « be marked off 


is its weight in 


respectively, which are together 


as it was in the other case, then » . are the weight of aniline in 
the water layer, and». ae is its weight in the aniline layer, and 

L—C b—«2 
the total volumes of the two layers aren.). ke and n.c. 5 on 
respectively, together equal n. w. 

If the actual weights of aniline and water in the mixture be given, 
the value of « can be calculated with a very fair approach to accuracy 
by the method adopted in plotting the curve; and thus all the facts 
with regard to the distribution at any temperature can be obtained. 
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Now, if it be remembered that this case of aniline and water is not 
an isolated one, but typical of many cases experimented on by 
Alexéeff, and if it be remembered also that there exists no direct 
experimental evidence to show that the law which governs these cases 
is not the general law regulating all simple solutions it must I think 
be granted that the facts do somewhat strongly support the hypothesis 
of a critical solution point which I deduced in the first instance from 
the general theory of solution. It may be summed up as follows: 

(1) In every system of solution which starts with a solid and its 
simple solvent, the solid has a solution melting point which is lower 
than its true melting point. Above this temperature the system con- 
sists of two separate liquids, each of which is a saturated solution. 

(2) These two liquids become one homogeneous solution at a tem- 
perature which depends on the ratio of the original ingredients. 
There is one ratio which demands a higher temperature than any 
other. This is the critical solution temperature, above which either 
ingredient is infinitely soluble in the other. 
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SOME SUGGESTIONS REGARDING SOLUTIONS.* 


3y Prof. WILLIAM Ramsay, F. R. S. 


The brilliant presidential address of Prof. Orme Masson at the Chem- 
ical Section of the Australasian Association for the Advancement of 
Seience marks a distinct advance in our ideas of solution. The analogy 
between the behavior of a liquid and its vapor in presence of each 
other and of a pair of solvents capable of inutual solution is so striking 
as to carry conviction. The resemblance of the liquid-vapor curve, 
with its apex at the critical point, to the solubility curve, withits apex 
at the critical solution point, appears to me to prove beyond cavil that 
the two phenomena are essentially of the same nature. 

There are two other phenomena, which, it appears to me, are made 
clear by the ideas of Prof. Masson. The first of these has reference to 
super-saturated solutions. The curves (published in Nature, February 
12, p. 348) showing the analogy between liquid-gas and solution curves, 
are isobaric curves, or, more correctly, they represent the terminations 
of isobaric curves in the region of mixtures, where, on the one hand, a 
liquid exists in presence of its vapor, and on the other, one solvent in 
the presence of another (for both solvents play the part of dissolved 
substances, as well as of solvents), M. Alexéeff’s data are not suffi- 
cient tospermit of the construction of a curve representing a similar 
region mapped out by the termination of isothermal lines. But it is 
obvious that it would be possible to determine osmotic pressures of 
various mixtures by the freezing-point method, and so to construct 
isothermal curves for such mixtures of solvents. And there can be no 
reasonable doubt that, as the isobaric curves of liquid-gas and of sol- 
vent-solvent display so close an analogy, the isothermal curves would 
also closely resemble each other. 

Granting then that this is the case, we may construct an imaginary 
isothermal curve on the model of the curve for alcohol published in the 
Phil. Trans. by Dr. Sydney Young and myself. Now, in one series of 
papers on the liquid-gas relations, we showed that with constant volume 
pressure is a linear function of temperature; and we were thus able to 
calculate approximately the pressures and volumes for any isothermal 
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representing the continuous transition from the gaseous to the liquid 
state (see Phil. Mag., 1887, vol. xxii, p. 435). It would be interesting 
to ascertain whether, if concentration be kept constant, osmotic pres- 
sure would also show itself to be a linear function of temperature. 
But this apart, it appears in the highest degree probable that there 
should also exist, in theory at least, a continuous transition from solvent 
to solvent, the representation of which would be a continuous curve. 
In such a case, on increasing the concentration of the solution by elimi- 
nating one solvent, the other solvent should not separate visibly, but 
the two should remain mixed until one solvent has been entirely re- 
moved. The accompanying diagram (Fig. 1) will make this clear. The 
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Fig. 1. 


sinuous curve A B C D E may represent either continuous change from 
gas to liquid along an isothermal on decrease of volume, or it may 
represent a similar continuous change from saturated solution to dis- 
solved substance on increase of concentration. 

Mr. Aitken’s experiments on the cooling of air containing water- 
vapor have shown us that it is possible to realize a portion of the curve 
A B; the phenomenon of “boiling with bumping” constitutes a practical 
realization of a portion of the curve DH; and we may profitably inquire 
what conditions determine such unstable states with solvent and _ sol- 
vent. 

Regarding the portion of the curve A Bb, I think that no reasonable 
doubt can be entertained. It precisely corresponds to the condition of 
super-saturation. In the liquid-gas curve the volume is decreased at 
constant temperature without separation of liquid; in the solvent-sol- 
vent curve the concentration is increased without separation of the 
solvents. Dr. Nicol has shown that itis possible to dissolve dry sodium 
sulphate in a saturated solution of sodium sulphate to a very consider- 
able extent without inducing crystallization; and here we have a reali- 
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zation of the unstable portion of the curve A B. Inthe gas-liquid curve 


pressure falls with formation of a shower of drops; in the solvent-sol- 
vent curve crystallization ensues and the solvents separate. The 
phenomena are however not completely analogous; the complete anal- 
ogy would be if the temperature were so low that the substance in the 
liquid-gas couple were to separate in the solid, not in the liquid, state. 
This, so far as 1 am aware, has not been experimentally realized, but 
one sees no reason why it should not be possible. 

1 have some hesitation in offering speculations as to the state of 
matter at the portion of the continuous curve D FE. It may be that it 
corresponds to a syrupy or viscous state. Cane sugar at the moderate 
temperature dissolves water; indeed it is possible to obtain a solution 
of 1 per cent of water in molten cane sugar. And such a solution, if 
quickly cooled, remains a syrup. But it can be induced to crystallize 
by the presence of crystals. Thus, in such a mixture of sugar and 
water a few grains of crystalline sugar cause the whole mass to crystal- 
lize, and water saturated with sugar, and sugar, separate into two layers. 
Here again a complete analogy fails us, for itis a solid which separates. 
As we know nothing of the osmotic pressure of a syrup, the analogy is 
a defective one; but it is probable that a dilute solution of sugar would 
pass continuously into a syrup of pure sugar by evaporation of the sol- 
vent, and analogy would lead to the supposition that the syrup coin- 
cides with the unstable state of the liquid. I would therefore offer the 
analogy between the syruppy and the super-cooled states as a tentative 
one; it lacks foundation in both cases. 

One point remains to be mentioned. I have for the past nine months, 
in conjunction with Mr. Edgar Perman, been determining the adiabatic 
relations for liquid and gaseous ether: the rise of pressure and tempera- 
ture when volume is decreased without the escape of heat. It is ob- 
vious that similar relations are determinable for solutions, and probably 
with much: greater facility. M. Alexéeff has made some measurements 
which might be utilized for this purpose, but they are far too few in 
number, and moreover, the necessary data as regards osmotic pressure 
are wholly wanting. It would be possible, by a series of different ex- 
periments, to ascertain the evolution of heat on increasing concentra- 
tion, and so to arrive at a knowledge of the specific heats of the solu- 
tion at constant osmotic pressure, corresponding to the idea of specific 
heats at constant pressure; and also of specific heats at constant concen- 
tration, corresponding to specific heats at constant volume. I do not 
know whether such researches would yield as accurate results as those 
we are at present carrying out, but they are at least well worthy of at- 
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LIQUIDS AND GASES.* 


By Prof. WILLIAM Ramsay, F. R. S. 


Almost exactly twenty years ago, on June 2, 1871, Dr. Andrews, of 
Belfast, delivered a lecture to the members of the Royal Institution 
in this hall, on “The Continuity of the Gaseous and the Liquid States 
of Matter.” He showed in that lecture an experiment which I had best 
describe in his own words: 

“Take, for example, a given volume of carbonic acid at 50°C., or at 
a higher temperature, and expose it to increasing pressure till 150 
atmospheres have been reached. In the process, its volume will steadily 
diminish as the pressure augments; and no sudden dimunition of 
volume, without the application of external pressure, wil occur at any 
stage of it. When the full pressure has been applied, let the tempera- 
ture be allowed to fall, until the carbonic acid has reached the ordinary 
temperature of the atmosphere. During the whole of this operation, 
no break of continuity has occurred. It begins with a gas, and by a 
series of gradual changes, presenting nowhere any abrupt alterations 
of volume, or sudden evolution of heat, it ends witha liquid. For con- 
venience, the process has been devided into two stages—the compress- 
ion of the carbouic acid, and its subsequent cooling. But these opera- 
tions might have been performed simultaneously, if care were taken so 
to arrange the application of the pressure and the rate of cooling that 
the presspre should not be less than 76 atmospheres when the carbonic 
acid had cooled to 31°C.” 

I am able, through the kindness of Dr. Letts, Dr. Andrews’s succes- 
sor at Belfast, to show you this experiment, with the identical piece of 
apparatus used on the occasion of the lecture twenty years ago. 

I must ask you to spend some time to-night in considering this 
remarkable behavior; and, in order to obtain a correct idea of what 
oceurs, it is well to begin with the study of gases, not, as in the case 
you have just seen, exposed to high pressures, but under pressures not 
differing greatly from that of the atmosphere, and at temperatures 
which can be exactly regulated and measured. To many here to-night, 
such a study is unnecessary, owing to its familiarity; but I will ask 
such of my audience to excuse me, in order that I may tell my story 
from the beginning. 
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Generally speaking, a gas, when compressed, decreases in volume 
to an amount equal to that by which its pressure is raised, provided 
its temperature be kept constant. This was discovered by Robert 
Boyle in 1660; in 1661 he presented to the Royal Society a Latin trans- 
lation of his ook, ‘Touching the Spring of the Air and its Effects.” 
His words are: 

“It is evident, that as common air, when reduced to half its natural 
extent, obtained a spring about twice as forcible as it had before; so 
the air, being thus compressed, being further crowded into half this 
narrow room, obtained a spring as strong again as that it ast had, and 
consequently four times as strong as that of common air.” 

To illustrate this, and to show how such relations may be expressed 
by a curve, I will ask your attention to this model. We have a 
piston, fitting a long horizontal glass tube. It confines air under the 
pressure of the atmosphere—that is, some 15 pounds on each square 
inch of area of the piston. The pressure is supposed to be registered 
by the height of the liquid in the vertical tube. On increasing the 
volume of the air, so as to double it, the pressure is decreased to half 
its original amount. On decreasing the volume to half its original 
amount, the pressure is doubled. On again halving, the pressure is 
again doubled. Thus you see a curve may be traced, in which the 
relation of volume to pressure is exhibited. Such a curve, it may be 
remarked incidentally, is termed an hyperbola. 

We can repeat Boyle’s experiment by pouring mercury into the open 
limb of this tube containing a measured amount of air; on causing 
the level of the mercury in the open limb to stand 30 inches (that is, 
the height of the barometer) higher in the open limb than the closed 
limb, the pressure of the atmosphere is doubled, and the volume is 
halved. And on trebling the pressure of the atmosphere the volume 
is reduced to one-third of its original amount; and on adding another 
30 inches of mercury, the volume of the air is now one-quarter of that 
which it originally occupied. 

It must be remembered that here the temperature is kept constant; 
that it is the temperature of the surrounding atmosphere. 

Let us next examine the behavior of a gas when its temperature is 
altered, when it becomes hotter. This tube contains a gas—air—con- 
fined at atmospheric pressure by mercury, in a tube surrounded by a 
jacket or mantle of glass, and the vapor of boiling water can be blown 
into the space between the mantle and the tube containing the air, so as 
to heat the tube to 100° C, the temperature of the steam. The tempera- 
ture of the room is 17° G., and the ® gas occupies 290 divisions of the seale. 
On blowing in steam, the gas expands, and on again equalizing pres- 
sure, it stands at 373 divisions of the scale. The gas has thus expanded 
from 290 to 375 divisions, 7. ¢., its volume has increased by 83 divisions; 
and the temperature has risen from 17° to 100°, 7. e., through 83°C. 
This law of the expansion of gases was discovered almost simultane- 
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ously by Dalton and Gay-Lussac in 1801; it usually goes by the name 
of Gay-Lussae’s law. Now, if we do not allow the volume of the gas to 
increase, we shall find that the pressure will increase in the same pro- 
portion that the volume would have increased had the gas been allowed 
to expand, the pressure having been kept constant. To decrease the 
volume of the gas, then, according to Boyle’s law, will require a higher 
initial pressure; and if we were to represent the results by a curve, 
we should get an hyperbola, as before, but one lying higher as regards 
pressures. And so we should get a set of hyperbolas for higher and 
higher temperatures. 

We have experimented up to the present with air—a mixture of two 
gases, oxygen and nitrogen; and the boiling points of both of these ele- 
ments lie at very low temperatures: —184° C. and —193°.1 C5 respect- 
ively. The ordinary atmospheric temperature lies a. long way above the 
boiling points of liquid oxygen and liquid nitrogen at the ordinary at- 
mospheric pressure. But it is open to us to study a gas, which, at the 
ordinary atmospheric temperature and pressure, exists in the liquid 
state; and for this purpose I shal) choose water gas. In order that it 
may be a gas at ordinary atmospheric pressure, however, we must heat 
it to a temperature above 100° C., its boiling point. This tube contains 
water gas at a temperature of 105° C. ; itis under ordinary pressure, 
for the mercury columns are at the same level in both the tubes and 
in this reservoir, which communicates with the lower end of the tube 
by means of the india-rubber tubing. The temperature 105° is main- 
tained by the vapor of ciloro-benzene, boiling in the bulb sealed to the 
jacket, at a pressure lower than that of the atmosphere. 

Let us now examine the effect of increasing pressure. On raising 
the reservoir the volume of the gas is diminished, as usual, and nearly 
in the ratio given by Boyle’s law; that is, the volume decreases in the 
same proportion as the pressure increases. Buta change is soon ob- 
served; the pressure soon ceases to rise; the distance between the, 
mercury in the reservoir and that in the tube remains constant, and 
the gas is now condensing to liquid. The pressure continues constant 
during this change, and itis only when all the water gas has condensed to 
liquid water that the pressure againrises. After all the gasis condensed 
an enormous increase of pressure is necessary to cause any measurable 
decrease in volume, for liquid water scarcely yields to pressure, and in 
such a tube as this no measurements could be attempted with success. 

Representing this diagrammatically, the right-hand part of the curve 
represents the compression of the gas, and the curve is, as before, 
nearly a hyperbola. Then comes a break, and great decrease in 

‘yolume occurs without rise of pressure, represented by a horizontal 
line; the substance in the tube here consists of water gas in presence 
of water; the vertical, or nearly vertical line represents the sudden 
and great rise of pressure, where liquid water is being slightly com- 
pressed. The pressure registered by the horizontal line is termed the 
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110° C., we should have a greater initial volume for the water gas; i tis 
compressible by rise ef the mereury as before, the relation of PTeSSUTS 
te volume being, as befare, reptenentnd on the diaeran! Gs an Sub ONE 
mate hyperbola; and as before, condensation occurs when volemee de ae 
sufficiently reduced, but this time at a higher pressare. We have _ 
again a horizontal portion, representing the pressare of water gas at — 
110° C. in contact with liquid water; agaim, a sharp angle where all 
gaseous water is condensed, and again a very Seep curve, almest & | 
straight line, representing the slight decrease of volume of water pre- 
duced by a great psieacgaec ged And we should have similar 
lines for 120°, 130°, 1409, 150° C .. and for all temperatures within certain — gi 
limits. Sach lines are ealled SESE Times, or shortly “isothermals” | 
or lines of equal temperature, and represent the relations ef pressure 
to volume for different temperatares. 33 

Dr. Andrews made similar measurements ef the relations between | 
the pressures and volumes of carbon diexide, at pressures maeh higher 
than those I have shown you for water. But I prefer te speak te you | 
about similar results obtained by Prof, Sydney Young and myself with 
ether, because Dr. Andrews was unable te werk with carben dioxide — 
free from air, and that influenced his results. For example, you se 
that the meeting points of his hyperbdelie curves with the straight Imes 
of vapor pressures are curves, and not angles; that is caused by the © = 
presence of about 1 part of air in 0 paris ef carben dioxide; also the ~ 
condensation of gas was not perfect, for he obtaimed curves at the 2 
points of change from a mixture of Hquid and gas to liquid. We 3 
however were more easily able to fill a tube with ether free from ait. 
and you will notice that the peints [ have referred te are ansies, not = 
eurves. . 

Let me first direct your aitention to the shapes of the earves in the 
diagram. As the temperature rises the vapor-pressare Hines lie at 
higher and higher pressures, and the lines themselves become sharter 
and shorter. And finally, at the temperature of 31° C. for carbon dit 
oxide, and at 195° C. for ether, there ceases te be a horizontal pertion 
at all; or rather the carve touches the horizontal at one point in its 
course. That point corresponds to a definite temperature, 195° €. fer 
ether; to a definite pressure, 27 meters of mereury, or 33.6 atmos 
pheres; and to a definite volume, £06 cubie centimeters per gram of | 
ether. At that point the ether is not liquid, and it is not gas; itis a 
homogeneous substance. At that temperatare ether has the appear-_ 
ance of a blue mist; the strie mentioned by Dr. Andrews and by 
other observers are the result of unequal heating, one portion of the 
substance being liquid and another gas You see the appearance of 
this state on the sereen. t 

When a gas is compressed it is heated. Work is done on the gs 
and its temperature rises. If I compress the air in this syringe fant 
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y ite temperature rises so high that I can set a piece of tinder on 
fire and by its help explode a little gunpowder. If the ether at its 
critical point be compressed by screwing in the screw, it is somewhat 
warmed and the blue cloud disappears. Conversely, if it is expanded 
a little by unscrewing the screw and increasing its volume, it is cooled 
and a dense mist is seen, accompanied by a shower of ether rain- 
This is seen as a black fog on the screen. ; 

I wish also to direct your attention to what happens if the volume 
given to the ether is greater than the critical volume—on increasing 
the volume you see that it boils away and evaporates completely; and 
also what happens if the volume be somewhat less than the critical 
volume—it then expands as liquid and completely fills the tube. It is 
only at the critical volume and temperature that the ether exists in the 
state of blue cloud, and has its critical pressure. If the volume be 
too great, the pressure is below the critical pressure; if too small, the 
pressure is higher than the critical pressure. 

Still one more point before we dismiss this experiment. At a tem- 
perature some degrees below the critical temperature, the meniscus, 
i. ¢., the surface of the liquid, is curved. It has askin on its surface; 
its molecules, as Lord Rayleigh has recently explained in this room, 
attract one another, and it exhibits surface tension. Raise the tem- 
perature and the meniscus grows flatter; raise it further, and it is 
nearly flat and almost invisible; at the critical temperature it disap- 
pears, having first become quite flat. Surface tension therefore dis- 
appears at the critical point. <A liquid would no longer rise in a nar- 
row capillary tube; it would stand at the same level outside and inside. 

It was suggested by Prof. James Thomson, and by Prof. Clausius 
about the same time, that if the ideal state of things were to exist, the 
passage from the liquid to the gaseous state should be a continuous 
one, not merely at and above the critical point, but below that temper- 
ature. Azid it was suggested that the curves, shown in the figure, in- 
stead of breaking into the straight line of vapor pressure, should con- 
tinue sinuously. Letus see what this conception would involve. 

On decreasing the volume of a gas, it should not liquefy at the point 
marked B on the diagram (Fig. 2), but should still decrease in volume 
on increase of pressure. This decrease should continue until the point 
EF isreached. The anomalous state of matters should then occur, thata 
decrease in volume should be accompanied by a decrease of pressure. 
In order to lessen volume, the gas must be exposed to a continually di- 
minishing pressure. But such a condition of matter is ofits nature 
unstable, and has never been realized. After volume has been de- 
creased to a certain point, F, decrease of volume is again attended by 
increase of pressure, and the last part of the curve is continuous with 
the realizabie curve representing the compression of the liquid, above D. 

Dr. Sydney Young and I succeeded, by a method which I shall 
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briefly describe, in mapping the actual position of the unrealizable por- 
tionsof thecurve. They have the form pictured in this figure. The rise 
from the gaseous state is a gradual ore, but the fall from the liquid state 
is abrupt. 
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Consider the volume 14 cubic centimeters per gram on the figure. 
The equi-volume vertical line cuts the isothermal lines for the temper- 
atures 175°, 180°, 185°, 190°, and so on, at certain definite pressures, 
which may be read from a properly-constructed diagram. We can map 
the course of lines of equal volume, of which the instance given is one, 
using temperatures as ordinates and pressures as abscissee. We can 
thus find the relations of temperature to pressure for certain definite 
volumes, which we may select to suit our convenience—say 2 ¢.e. per 
gram; 3, 4, 5, 6, and so on. Now, all such lines are straight—that is, 
the relation of pressure to temperature, at constant volume, is one of the 
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simplest; pressure is a linear function of temperature. Expressed 
mathematically— 
p=bt—a, 

where ) and a@ are constants, depending on the volume chosen, and 
varying with each volume. But a straight line may be extrapolated 
without crror; and so, having found values for a and Db for such a 
volume as 6 ¢.c. per gram, by help of experiments at temperatures 
higher than 195°, itis possible by extrapolation to obtain the pressures 
corresponding to temperatures below the critical point 195° by simple 
means. But below that temperature the substance at volume 6 is in 
practice partly liquid and partly gas. Yet it is possible by such means 
to ascertain the relations of pressure to temperature for the wnrealiz- 
able portion of the state of a liquid—that is, we can deduce the pressure 
and temperature corresponding to a continous change from liquid to 
gas. And in this manner the sinuous lines on the figure have been 
constructed. 

It is possible to realize experimentally certain portions of such con- 
tinuous curves. If we condense all gaseous ether and, when the tube 
is completely filled with liquid, carefully reduce pressure, the pressure 
may be lowered considerably below the vapor pressure corresponding 
to the temperature of ebullition, without any change further than the 
slight expansion of the liquid resulting from the reduction of pres- 
sure—an expansion too small to be seen with this apparatus. But on 
still further reducing pressure, sudden ebullition occurs, and a portion 
of the liquid suddenly changes into gas, while the pressure rises 
quickly to the vapor pressure corresponding to the temperature. If we 
are successful in expelling all air or gas from the ether in filling the 
tube, a considerable portion of this curve can be experimentally realized. 

The first notice of this appearance, or rather of one owing its exist- 
ence to a precisely similar cause, is due to Hooke, the celebrated con- 
temporary of Boyle. It is noted in the account of the Proceedings of 
the Royal Society on November 6, 1672, that “Mr. Hooke read a dis- 
course of his, containing his thoughts of the experiment of the quick- 
silver’s standing top full, and far above the height of 29 inches, to- 
gether with some experiments made by him, in order to determine the 
cause of this strange phenomenon. He was ordered to prepare those 
experiments for the view of the Society.” And on November 13 “the 
experiment for the high suspension of quicksilver being called for, it 
was found that it had failed. It was ordered that thicker glasses 
should be provided for the next meeting.” 

There can be no doubt that this behavior is caused by the attrac- 
tion of the molecules of the liquid for each other. And if the tempera- 
ture be sufliciently low, the pressure may be so reduced that it becomes 
negative—that is, until the liquid is exposed to a strain or pull, as is 
the mercury. This has been experimentally realized by M. Berthelot 
and by Mr. Worthington, the latter of whom has succeeded in strain- 
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ing alcohol at the ordinary temperature with a pull equivalent to a 
negative pressure of 25 atmospheres, by completely filling a bulb with 
alcohol, and then cooling it. The alcohol in contracting strains the 
bulb inwards; and finally, when the tension becomes very great, parts 
from the glass with a sharp “click.” 

To realize a portion of the other bend of the curve, an experiment has 
been devised by Mr. John Aitken. It is as follows: If air—that is 
space, for the air plays a secondary part—saturated with moisture be 
cooled, the moisture will not deposit unless there are dust particles on 
which condensation can take place. It is not at first evident how this 
corresponds to the compressing of a gas without condensation. Buta 
glance at the figure will render the matter plain. Consider the isother- 
mal 175° C. for ether at the point marked A. If it were possible to lower 
the temperature to 160° C. without condensation, keeping volume con- 
stant, the pressure would fall, and the gas would then be in the state 
represented on the isothermal line 160° at G,—that is, it would be in 
the same condition as if it had been compressed without condensation. 

You saw that a gas, or a liquid, is heated by compression; a piece of 
tinder was set on fire by the heat evolved on compressing air. You 
saw that condensation of ether was brought about by diminution of 
pressure—that is, it was cooled. Now, if air be suddenly expanded 
it will do work against atmospheric pressure and will cool itself. This 
globe contains air; but the air has been filtered carefully through cot- 
ton-wool, with the object of excluding dust particles. It is saturated 
with moisture. On taking a stroke of the pump, so as to exhaust the 
air in the globe, no change is evident; no condensation has occurred, 
although the air has been so cooled that the moisture should condense 
were it possible. On repeating the operation with the same globe, 
after admitting dusty air—ordinary air from this room—a slight fog 
is produced, and, owing to the light behind, a circular rainbow is 
seen; a slight shower of rain has taken place. There are compara- 
tively few dust particles, because only-a little dusty air has been ad- 
mitted. On again repeating the fog is denser; there are more par- 
ticles on which moisture may condense. 

One point more and I have done. Work is measured by the distance 
or height through which a weight can be raised against the force of 
gravity. The British unit of work is a foot-pound—that is, a pound 
raised through 1 foot; that of the metric system is 1 gram raised 
through 1 centimeter. Ifa pound be raised through 2 feet twice as 
much work is done as that of raising a pound through 1 foot, and an 
amount equal to that of raising 2 pounds through 1 foot. The measure 
of work is therefore the weight multiplied by the distance through 
which it is raised. When a gas expands against pressure it does work. 
The gas may be supposed to be confined in a vertical tube and to pro- 
pel a piston upward against the pressure of the atmosphere. If such 
a tube has a sectional area of 1 square centimeter, the gas in expand- 
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ing a centimeter up the tube lifts a weight of nearly 1,000 grams through 
1 centimeter, for the pressure of the atmostphere on a square centi- 
meter of surface is nearly 1,000 grams—that is, it does 1,000 units of 
work, or ergs. So the work done by a gas in expanding is measured 
by the change of volume multiplied by the pressure. On the figure, the 
change of volwne is measured horizontally, the change of pressure ver- 
tically. Hence the work done is equivalent to the area A BC Don 
the figure. 

If liquid as it exists at A change to gas as it exists at B, the sub- 
stance changes its volume and may be made to do work. This is 
familiar in the steam engine, where work is done by water expanding 
to steam and so increasing its volume. The pressure does not alter 
during this change of volume if sufficient heat be supplied; “hence the 
work done during such a change is given by the rectangular area. 

Suppose that a man is conveying a trunk up to the first story of a 
house; he may do it in two (or, perhaps, agreaternumberof) ways. He 
may put a ladder up to the drawing-room window, shoulder his trunk, 
and deposit it directly on the first floor; or he may go down the area 
stairs, pass through the kitchen, up the kitchen stairs, up the first 
flight, up the second flight, and down again to the firststory. The end- 
result is the same; and he does the same amount of work in both cases 
so far as conveying the weight to a given height is concerned, because 
in going down stairs he has actually ailowed work to be done on him 
by the descent of the weight. 

Now, the liquid in expanding to gas begins at a definite volume; it 
evaporates gradually to gas without altering pressure, heat being, of 
course, communicated to it during the change, else it would cool itself; 
and it finally ends as gas. It increases its volume by adefinite amount 
at a definite pressure, and so does a definite amount of work. This 
work might be utilized in driving an engine. 

But if it pass continuously from liquid to gas, the starting point and 
the end point are both the same as before. An equal amount of work 
has been done: but it has been done by going down the area stair (as 
it were), and over the round I described before. 

It is clear that a less amount of work has been done onthe left-hand 
side of the figure than was done before, and a greater amount on the 
right-hand side; and if I have made my meaning clear you will see 
that as much less has been done on the one side as more has been 
done on the other—that is, that the area of the figure B EH H must be 
equal to that of the figure A F H. Dr. Young and [I have tried this 
experimentally—that is, by measuring the calculated areas—and we 
found them to be equal. 

This can be shown to you easily by a simple device, namely, taking 
them out and weighing them. As this diagram is an exact represen- 
tation of the results of our experiments with ether the device can be 
put in practice. We can detach these areas, which are cut out in tin, 
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and place one in each of this pair of scales and they balance. The 


fact that a number of areas thugs measured gave the theoretical results 
of itself furnishes a strong support of the justice of the conclusions we 
drew as regards the forms of these curves. 

To attempt to explain the reasons of this behavior would take more 
time than can be given to-night; moreover, to tell the truth, we do not 
know them. But we have at least partial knowledge and we may 
hope that investigations at present being carried out by Prof. Tait 
may give us a clear idea of the nature of the matter and of the forces 
which act onit, and with which it acts, during the continuous change 
from gas to liquid. 
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PRESENT PROBLEMS IN EVOLUTION AND HEREDITY.* 


By HENRY FAIRFIELD OSBORN. 


. 


In the past decade of practical research and speculation in biology, 
two subjects have oustripped in interest and importance the rapid prog- 
ress all along the line. These are, first, the life history of the repro- 
ductive cell from its infancy in the ovum onward, and second, the 
associated problem of heredity, which passes insensibly from the field 
of direct observation into the region of pure speculation. 

As regards the cell it was generally believed that the nucleus was an 
arcanum into the mysteries of which we could not far penetrate; but 
this belief has long been dispelled by the eager specialist, and it is no 
exaggeration to say that we now know more about the meaning of the 
nucleus than we did about the entire cell a few years ago. At that 
time the current solution of the heredity problem was a purely formal 
one; it came to the main barrier, namely, the relation of heredity and 
evolution to the reproductive cells, and leapt over it by the postulate 
of Pangenesis. The germ-cell studies of Balfour, Van Beneden, the 
Hertwig brothers, Weismann, Boveri, and others, have gradually led 
us to hope that we shall some day trace the connection between the 
intricate smetamorphoses in these cells and the external phenomena of 
heredity, and more than this, to realize that the heredity theory of the 
future must rest upon a far more exact knowledge than we enjoy at 
present of the history of the reproductive cell both in itself and in the 
influence which the surrounding body cells have upon it. 

These advances affect the problem of life and protoplasm, whether 
studied by the physician, the anthropologist, or the zodlogist, thus con- 
centrating into one focus opinions which have been formed by the 
observation of widely different classes of facts. As each class of facts 
bears to the observer a different aspect and gives him a personal bias, 
the discusson is by no means irenical, and it is our privilege to live 
through one of those heated periods which mark the course of every 
revolution in the world of ideas. Such a crisis was brought about by 
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the publication of the theory of Darwin, in 1858, and, after subsiding, 
has again been aroused by Weismann’s theory of heredity, published 
in 1883. . 

This is the situation I have veutured to present to you as Cartwright 
lecturer, not, of course, without introducing some conclusions of my 
own, which have been derived from vertebrate paleontology, but which 
I shall direct mainly upon human evolution. 

So far as theories need come before us now, remember that Lamarck 
(1792) attributed evolution to the hereditary transmission to offspring 
of changes (acquired variations) caused by environment and habit in 
the parent. Darwin’s latest view was that evolution is due to the 
natural selection of such congenital variations as favored survival, sup- 
plemented by the transmission of acquired variations. Weismann 
denies the transmission of acquired variations, or characters, entirely, 
and attributes evolution solely to the natural selection of the indi- 
viduals which bear the most favorable variations of the germ or repro- 
ductive cells. We must therefore clearly distinguish between *con- 
genital variations” which are part of our inheritance and *aequired 
variations” which are due to our life habits; the question is, are the 
latter transmitted ? 

At the outset [ would emphasize the extreme complexity of evolution 
by a few words upon variation, or in terms of medical science, upen 
anomalies. 

When we speak of a part as *‘anomalous” we mean that it varies at 
birth from the ordinary or typical form; it may be minute, as the small 
slip of a tendon, or large, as the addition of a complete vertebra to the 
spinal column. Wood has found that in the muscular system alone 
there are nine anomalies in the average individual. It is clear that 
the evolution of a new type, so far as the muscular system is concerned, 
must consist in the accumulation of anomalies in a certain definite 
direction by heredity. Thus the anomalous condition of one generation 
may become the typical condition of a very much later generation, and 
we observe the paradox of a typical structure becoming an anomaly 
and an anomalous structure becoming typical: for example, the supra- 
condylar foramen of the humerus was once typical, it is now anom- 
alous; the retardation in development of the wisdom tooth was onee 
anomalous, it is now typical. 

The same principle applies to races which are in different stages of 
evolution; an anomaly in the white, such as the early closure of the 
cranial sutures, is normal in the black. Now the deductions of the 
Weismann school of evolutionists seem to be founded upon the prin- 
ciple ‘de minimis non curat lex;” that we need only regard such major 
variations as can, ev hypothesi, weigh in the seale of survival. Against 
this I urge that we must regard the evolution of particular structures, 
the components of larger organs, the separate muscles and bones for 
example, for the very reason that while in some cases they play a most 
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humble role in our economy we ean prove beyond a doubt that they are 
in course of evolution. Minor variations in foot structure, which are 
ossibly of vital importance to a quadruped whose very existence may 
depend upon speed, sink into obscurity as factors in the survival of 
the modern American. 

The evolution of man in the most unimportant details of his structure 
promises, therefore, to afford a far more crucial test of the Lamarckian 
_ ©. the pure natural selection theory, than in the domain of his higher 
faculties, for the reasou that selection may operate upon variations in 
mind, while it taxes our credulity to believe it can operate upon varia- 
tions in muscle and bone. This is my ground for selecting the skele- 
ton and muscles for the subject of the introductory lecture. _Never- 

theless, let us review variation in all its forms in human anatomy be- 
- fore forming an opinion. Let us remember, too, that congenital and 
acquired variations are universal as necessities of birth and life; they 
are exhibited in the body as a whole—in its proportions, in the compo- 
nents of each limb, finally in the separate parts of each component, as 
in the divisions of a complex muscle. Thus the possibilities of trans- 
formism are everywhere. Whatis the nature and origin of congenital 

_ yariations? Their causes? Do they follow certain directions? Do 
they spring from acquired variations by heredity? These are some 
of the questions which are still unsettled. 

But striking as ere the anomalies from type, the repetitions of type 
as exhibited in atavism and normal inheritance are still more so, and 
equally difficult to explain. Therefore our theory must provide both 
for the observed laws of repetition of ancestral form and the laws of 
variation from ancestral form, as the pasture-land of evolution. Add 

to these. that for a period in each generation this entire legislation of 
- nature is compressed into the tiny nucleus of the fertilized ovum, 
; and the whole problem rises before us in its apparent impregnability 
which onl¥ intensifies our ardor of research. 


LECTURE L—THE CONTEMPORARY EVOLUTION OF MAN. 


The anthropologists and anatomists have enjoyed a certain monopoly 
of Homo sapiens, while the biologists have directed their energies 
mainly upon the lower creation. But under the inspiring influences of 
the Darwinian theory these originally distinct branches have con- 
verged, and as man takes his place in the zodlogical system, compar- 
ative anatomy is recognized as the infallible key to human anatomy. 

For our present purpose we mast suppress our sentiment at the out- 
set and state plainly that the only interpretation of our bodily struc- 
ture lies in the theory of our descent from some early member of the 
primates, such as may have given rise also to the living Anthropoidea. 
This is also the only tenable teleological view, for many of our inher- 
ited organs are at present non-purposive, in some cases even harmful,— 
as the appendix vermiformis. 
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From the typical mammalian standpoint man is a degenerate 
animal; his senses are inferior in acuteness; his upright position, while 
giving him a superior aspect, entails many disadvantages, as recently 
enumerated by Clevenger,* for the body is not fully adapted to it; his 
feet are not superior to those of many lower Eocene plantigrades; his 
teeth are mechanically far inferior to those of the domestic cat. In 
fact, if an unbiassed comparative anatomist should reach this planet 
from Mars he could only pass favorable comment upon the perfection 
of the hand and the massive brain. Holding these trumps, man has 
been and now is discarding many useful structures. I refer especially 
to civilized man, who is more prodigal with his inheritance than the 
savage. By virtue of the hand and the brain he is nevertheless the 
best adapted and most cosmopolitan vertebrate. The man of Néan- 
derthal or Spy, with retreating forehead and brain of small cubic 
capacityt was limited both in his ideas and his powers of travel; yet 
he was our superior in some points of osteological structure. But the 
period of Néanderthal was recent compared with that in which some 
of our rudimentary organs were serviceable, such as the vermiform 
appendix or the panniculus carnosust muscle. These rudiments in 
turn are neogenetic when we consider the age of the two antique 
sense organs in the optic thalamus, the remnants of the median or 
pineal eye and the pituitary body, both of which were undoubtedly 
present, and probably useful, in the recently discovered Silurian fishes. 

I mention these vestiges of some of the first steps in creation to illus- 
trate the extraordinary conservative power of heredity (which is even 
more forcibly seen in our embryological development), partly also to 
show how widely our organs differ in age. Galton has compared the 
human frame to a new building built up of fragments of old ones; ex- 
tend this back into the ages and the comparison is complete. 


Development, balance, degeneration.—It is probable that none of our 
organs are absolutely static and that the apparent halt in the develop- 
ment of some is merely relative, as where a fast train passes a slow one. 
The numerous cases of arrested evolution in nature are always con- 
nected with fixity of environment, an exceptional condition with man, 
and we have ample evidence that some organs are changing more rap- 
idly than others. 

Adaptation to our changing circumstances is mainly effected by the 
simultaneous development and degeneration of organs which lie side 
by side, as in the muscles of the foot or hand; in terms of physiology, 


“Disadvantages of the Upright Position, article in American Naturalist, January, 
1884, vol. Xv. p. 1. 

tThe remarkable skulls and skeletons which have recently been discovered at 
Spy remove all doubts as to the normal, i.e., racial character of the famous Néan- 
derthal skull, which were entertained by Quatrefages and others. See Fraipont 
and Lohest, Archives de Biologie, 1887, p. 697. 

{This is an epidermal or twitching muscle in the quadrupeds. 
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we observe the hypertrophy of adaptive organs and atrophy. of inadap- 
tive or useless organs. This compensating re- adjustment, whereby the 
sum of nutrition to any region remains the same during re-distribution 
toits parts, may be called metatrophism. Itis the “ gerrymander” prin- 
ciple in nature. 

In practical investigation it is very difficult i in many cases to deter- 
mine whether an organ is actually developing or degenerating at the 
present time, although its variability or tendency to present indi- 
vidual anomalies indicates that some change is in progress. I may 
instance the highly variable peroneus tertius muscle (Wood). The rise 
or fall of organs is so constantly associated with their degree of utility 
thatin each case the doubt can be removed by a careful analysis of the 
greater or less actual service rendered by the part in question. Apart 
from the question of causation, it is a fixed principle that a part degen- 
erating by disuse in each individual will also be found degenerating in 
the race. 

Degeneration is an extremely slow process; both in the muscular and 
skeletal systems we find organs so far on the down grade that they are 
mere pensioners of the body, drawing pay (i. e., nutrition) for past hon- 
orable services without performing any corresponding work—the plan- 
taris and palmaris muscles for example. Of course an organ without a 
function is a disadvantage, so that the final duty of degeneration is to 
restore the balance between structure and function, by placing it hors 
de combat entirely. One symptom of decline is variability, in which the 
organ seems to be demonstrating its own uselessness by occasional 
absence. As Humphrey remarks: “The muscles which are most fre- 
quently absent by anomalies are in fact those which can disappear with 
least inconvenience, either because they can be replaced by others or 
because they play an altogether secondary role in the organism.” The 
stages downward are gradual; the rudiment becomes variable as an 
adult structure, then as a foetal structure; the percentage of absence 
slowly increases until it re- -appears only as a reversion; finally the 
part ceases even to revert and all record of itis lost. This long strug- 
gle of the destructive power of degeneration, which you see is essen- 
tially an adaptive factor, against the protective power of heredity is 
the most striking feature of the law of repetition. (See Galton’s simi- 
lar principle of regression in anthropology.) 

A eareful study of our developing, degenerating, rudimental, and 
reversional organs amply demonstrates that man is now in a state of 
evolution hardly less rapid, I believe, than that which has produced 
the modern horse from his small five-toed ancestor. As far as I can 
see, the only reason why our evolution should be slower than that of 
the ancient horse is the frequent intermingling of races, which always 
tends to resolve types which have specialized into more generalized 
types. Wherever the human species has been isolated for a lon g period 
of time, divergence of character is very marked, as will be seen in some 
of the races I refer to below. 
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To lighten the long catalogue of facts, gathered from many authors, 
I shall frequently allude to habit, but will ask you to consider it for the’ 
time as associational rather than causal. Pouchet says: “Man is a 
creature of the writing table, and could only have been invented in a 
country in which covering of the feet is universal;” he should have 
added the “eating table.” From the average man our fashions and 
occupations demand the play of the forearm and hand, the independent 
and complex movements of the thumb and finger; the outward turning 
of the foot in walking. These are some of the most conspicuous features 
of modern habit. 


The skeletal variations.*—In a most valuable essay by Arthur Thom- 
son upon “The Influence of Posture on the Form of the Articular Sur- 
faces of the Tibia and Astragalus in the Different Races of Man and 

- the Higher Apes,”t we find clearly brought out the distinction between 
congenital variations and those which may be acquired by prolonged 
habits of life. It is perfectly clear from this investigation that certain 
racial characters, such as ‘platyenemism” or flattened tibia, which 

have been considered of great importance in anthropology, may prove 
to be merely individual modifications due to certain local and temporary 
customs. Thomson’s conclusions are that the tibia is the most variable 
in length and form of any long bone in the body. Platycnemia is most 
frequent in tribes living by hunting and climbing in hilly countries, 
and is associated with the strong development of the tibialis posticus. 
The great convexity of the external condyloid surface of the tibia in 
savage races appears to be developed during life by the frequent or 
habitual knee flexure in squatting; it is less developed where the tibia 
has a backward curve, and is independent of platyenemia. Another 
product of the squatting habit is a facet formed upon the neck of the 
astragalus by the tibia. This is very rare in Europeans; it is found in 
the gorilla and orang, but rarely in the chimpanzee. We must there- 
fore be on our guard to distinguish between congenital or hereditary 
skeletal characters which are fundamental, and “acquired” skeletal 
variations which may not be hereditary. The latter are of question- 
able value in tracing lines of descent, if not actually misleading; on 
the other hand, the teeth, as shown by Cope in his essay on “‘Lemurine 
reversion in human dentition,” have distinct racial patterns and are 
reliable indices of consanguinity, because their form can not be modified 
during life. 

The main features of present evolution in the backbone are the elab- 
oration of the spines of the cervical vertebrae, the increase of the spinal 
curvatures, the shortening of the centra of the lumbar vertebree and 


*For recent gene ern Meticles a see Bigecnanie ““T’Atavisme chez Pees? Re Vs yh 
Anthrop., 1885, p. 425; and Baker, ‘“The Ascent of Man,” Proceedings of the American 
Association for the Advancement of Science, 1890. Also, Smithsonian Report for 1890, Bs 
447, 

t Journal of Anatomy and Physiology, 1889, p. 617. 
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shifting of the pelvis upward, whereby a lumbar vertebra is added to 
the sacrum and subtracted from the dorso-lumbar series. 

Cunningham has found that the division of the neural spines in the 
upper cervical vertebrie distinguishes the higher races from the lower.* 
The spine of the axis is always bifid, but the spines of the cervicals 
three, four, and five, are also, as a rule, bifid in the European, while 
they are single in the lower races. The same author shows that the 
bodies of the lumbar vertebrie are altering, by widening and shorten- 
ing, to form a firmer pillar of support, with a compensating increase in 
the length of the intervertebral cartilages.t In the child, the vertebra 
present more nearly their primitive elongate compressed form. With 
this is associated an increase of the forward lumbar curvature (Tur- 
ner);t the primitive (7. e., Simian) curve was backward; even in the 
negroes the collective measurement of the posterior facés of the five 
lumbars is greater than the anterior, in the proportion of 106 to 100; 
whereas in the white the collective anterior faces exceed the posterior 
in nearly the same proportion—100 to 96. 

The lower region of the back is also the seat of one of the most inter- 
esting and important of the changes in the body, namely, the correlated 
evolution of the inferior ribs, the lumbar vertebra, and the pelvis,—to 
which embryology, adult and comparative anatomy, and reversion all 
contribute their quota of proof. In most of the anthropoid apes, and 
therefore presumably in the pro-anthropos, there were thirteen com- 
plete ribs and four lumbar vertebre, while man has twelve ribs and 
five lumbars. Thus we inay consider the superior lumbar of adult 
man as a ribless dorsal; not so in the human embryo, however, for 
Rosenberg§ has found a cartilaginous rudiment of the missing thir- 
teenth rib upon the so-called first lumbar. Atavism contributes an 
earlier chapter in the history of this region, for Birmingham|| reports, 
out of fifty cases examined in one year, two in which there were six 
lumbars, and in each the thirteenth rib was well developed; this is an 
interesting example of ‘correlated reversion,” for as the pelvis shifted 
downward to its ancestral position upon the twenty-sixth vertebra, 
the thirteenth rib was also restored. The other ribs are in what the 
ancients styled a “state of flux;” our eighth rib has been so recently 
floated from the sternum that, and according to Cunningham,{[ it re- 
verts as a true rib in twenty cases out of a hundred, showing a decided 
preference for the right side. Regarding also the occasional fusion of 
the fifth lumbar with the sacrum and the unstable condition of the 
twelfth rib, which is by variation rudimentary or absent, Rosenberg 
makes bold to predict that in the man of the future the pelvis will shift 
another step Os d to the usta -fourth vertebra, and we shall then 


aon of Bye ny a Sagnolecns § Morph. ae 1876. 
1886, p. 636 || Jourual of Anatomy and Physiology, 
36, p. é ie 
t Ibid., 1890, p. 117. 1891, p. 526. 
{ Ibid, 1887, p. 473. q Tbid., 1890, p. 127. 
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lose our twelfth rib: The upright position, and consequent transfer of 
the weight of the abdominal viscera to the pelvis, may be considered 
the habit associated with this reduction of the chest; at all events, in 
the evolution of quadrupeds there is a constant relation of increase be- 
tween the size of the posterior ribs and the weight of the viscera, until 
the rib-bearing vertebrx rise to twenty and the lumbars are reduced 
to three.* It would be interesting to note the condition of the ribs in 
some of the large-bellied tribes of Africans in reference to this point. 

The coceyx has naturally been the center of active search for the 
missing flexible caudals. As is well known, the adult coceyx contains 
but from three to five centers, while the embryo contains from five to 
six. Dr. Max Bartels has made “Die geschwiinzten Menschen” the 
subject of an exhaustive memoir upon cases of the reversion of the 
tail, while Testut records all the primitive tail muscles in various 
stages of reversion. Watson reports that the curvatores coccygia 
(depressores caudie) occur only in 1 in 1,000 cases. 

This suggests a moment’s digression to consider the different phases 
of reversion. The thirteenth rib recurs by what Gegenbaur calls “neo- 
genetic reversion,” } for it is simply the anomalous adult development of 
an embryonic rudiment. Under neogenetic reversions many authors 
also include cases of the “arrested development,” or persistence of an 
embryonic condition to adult life, such as the disunited odontoid proc- 
ess of the axis vertebra, which happens to repeat a very remote an- 
cestral condition. I think such cases may illustrate a reversional 
tendency, although many cases of arrested development, such as 
anencephaly, have no atavistic significance whatever.t More rare 
and far more difficult to explain are the ‘‘paleogenetice reversions,” in 
which the anomaly, such as the supracondylar foramen, reverts to an 
atavus so remote that the rudiment is not even represented in the 
embryo. 

The features of skull development are primarily the increase of the 
cranium and the late closure of the cranial sutures, in contrast with 
the more complete and earlier closure of the facial sutures. 

So far as I can gather, this seems to be another region where the 
white and colored races present reversed conditions; the early closure 
and arrest of brain development in the negroes is well known; the 
later closure among the whites is undoubtedly an adaptation to brain 
growth. In his valuable statistics upon the Cambridge students, 
Galton says: ‘Although it is pretty well ascertained that in the 
masses of the population the brain ceases to grow after the age of 
nineteen, or even earlier, it is by no means the case with university 
students. In high honor men head growth is precocious, their heads 
predominate over the average more at nineteen than at twenty-five.” 


*In the elephant and rhinoceros. 
t Morph. Jahrb., Bd, v1, p. 585. 


t Anencephaly, it should be said, is frequently associated with numerous rever- 
sions. 
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Many .of the cases of arrested closure of facial sutures are rever- 
sional, as they correspond with the adult condition of other races, such 
as the divided malar, or as Japonicum. The human premaxillary, a 
discovery with which Goethe’s name will always be associated, is some- 
times partially, more rarely wholly, isolated; it is late to unite with the 
maxillary in the Australians, and has been reported entirely separate 
in a new Caledonian child (Deslongchamps) and in two Greenlanders 
(Carus). The orbito-maxillary frontal suture, cited by Turner as a re- 
version to the pithecoid condition, is believed by Thomson, after the 
examination of 1,037 skulls, to be merely an accidental variation, with- 
out any deeper significance.* The development of the temporal bone 
from two centers, observed by Meckel, Gruber, and many others, is 
considered by Albrecht a reversion to the separate quadrate of the 
sauro-mammalia. This L think is in the highest degree improbable (see 
“Limits of Reversion”). The open ¢ranial and closed facial sutures 
are apparently associated with our increasing brain action and decreas. 
ing jaw action; in one case the growth is prolonged and the sutures are 
left open, in the other, the growth is arrested and the sutures are 
closed. 

Is the lower jaw developing or degenerating? This question has re- 
cently been the subject of a spirited controversy between Mr. W. Platt 
Ball,t representing the Weisman school, and Mr. F. Howard Collins,t 
supporting Herbert Spencer’s view that a diminishing jaw is one of the 
features of our evolution which can only be explained by disuse. Mr. 
Collins find that, relatively to the skull, the mass of the recent English 
jaw is one-ninth less than that of the ancient British and, roughly 
speaking, half that of the Australian. He appears to establish the 
view that the jaw is diminishing. 

Closely connected with this is the evolution of the teeth; how are 
they tending? 

Flower §*has shown, as regards the length of our molar series, that 
we, together with the ancient British and Egyptians, belong to a small- 
toothed or ‘‘microdont” race; the Chinese, Indians (North American), 
Malayans, and negroes in part, are intermediate or “‘ mesodont,” while 
the Andamanese, Melanasians, Australians, and Tasmanians are “ ma- 
erodont.” While undersize marks the molars as a whole, the wisdom 
tooth is certainly in process of elimination; it has the symptoms of de- 
cline; it is very variable in size, form, and in the date of its appear- 
ance, is often misplaced, and is not uncommonly quite rudimentary 
(Lomes).|| Here is another instance where the knife-and-forkless races 
reverse our degeneracy, for in them not only is the last normal molar 


*Journal of Anatomy and Physiology, 1890, p. 348. 
+ Ave the Effects of Use and Disuse Inherited? Nature Series, 1890, 
+The Lower Jaw in Civilized Races, 1891. 
§ Journal of the Anthropological Institute, 1880. 
|| Dental Anatomy, p. 416. 
H. Mis. 114 21 
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(m. 3) large and cut long before the traditional years of discretion, but 
in the first two lower molars are found two intermediate cusps (Tomes)* 
which are variable or absent in us (Abbott); moreover, in the macro- 
dont races a surplus molart (m. 4) is sometimes developed. Mummery 
reports nine such cases among 328 West Africans (Ashantis). As an 
instance of associated habit I may here mention that Dr. Lumholtz, 
the Australian explorer, informs me that in adult natives the teeth are 
worn to the gum; in the absence of tools they are used in every occu- 
pation, from eviscerating a snake to cutting a root. A tour of inspec- 
tion through any large collection of skulls brings out the contrast be- 
tween the sound and hard-worn molars of the savage, and the decayed 
and little-worn molars of the white. 

Upon the descent theory, the reduction of teeth in the progenitor of 
man began as far back as the Eocene period, for not later than that 
remote age do we find the full complement of three incisors and four 
premolars in each jaw; now there are but two remaining of each. 
Baume, a high authority, believes he has discovered eleven cases of a 
rudimental reversion of one of these lost premolars ¢ not cutting the 
jaw. Not infrequently both these missing teeth occur by reversion. 
It is difficult to conceive of reversion to such a remote period, yet it 
is supported by other evidence. An embryonic third incisor has, I 
believe, been discovered. As long ago as 1863 Sedgwick § recorded a 
case of six upper and lower incisors in both jaws, and appearing in 
both the milk and permanent dentitions; this anomaly was inherited 
from a grandparent, a striking instance of hereditary reversional ten- 
dency. We might consider that these cases of supernumerary teeth 
belong in the same category as polydactylism, or additional fingers, 
which are not atavistic, but for the fact that they do not exceed the 
typical ancestral number, whereas the fingers do. 

We owe to Windle|| a careful review of the incisor reversions, in 
which he shows that the lost incisors re-appear more frequently in the 
upper than the lower jaw (coinciding with the fact that the lower teeth 
were the first to disappear in the race); he considers that the lost 
tooth was the one originally next the canine, and concludes by adding 
our present upper outer incisor to the long list of degenerating organs.{] 
He supports this statement by measurements and by citing cases in 
which it has been found absent. Yet the reduction of the jaws is ap- 
parently outstripping that of the teeth, if we can judge from the 


* Dental Anatomy, p. 416, 

+ This tooth has been found in several other macrodont tribes (Australians, Tas- 
manians, Neo-Caledonians), Fontan. 

} Odontologische Forschungen, p. 268. This rudiment is found between the first and 
second normal premolars. 

§ British and Foreign Medico Chirurgical Review, 1863. 

|| Journal of Anatomy and Physvology, 1887, p. 85. 

4 Baume believes that the missing incisor is the primitive median one, while Tur- 
ner believes it is the second. The fossil record supports Windle. 
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frequent practice among American dentists of relieving the crowded 
jaw by extraction. 

We now turn to the arches and limbs. Flower has pointed out that 
the base of the scapula is widening in the higher races, so that the 
“index,” or ratio of length to breadth, is quite distinctive. Gegenbaur 
associates this with the development of the scapulo-humeral muscles 
and the greater play of the humerus as a prehensile organ. 

In general, the arm increases in interest as we descend toward the 
hand, both in the skeleton and musculature, because here we meet with 
the first glimpses of facts which enable us to form some estimate of the 
rate of human evolution. The well-known humeral torsion (connected 
with increased rotation) ascends from 152° in the polished stone age to 
164° in the modern European. The intercondylar foramen, or perfora- 
tion of the olecranon fossa, is exceptionally well recorded;* it is found 
in 30 per cent of skeletons of the reindeer period; in the dolmen period 
it fell to 24 per cent; in Parisian cemeteries between the fourth and 
tenth centuries it is found in 5.5 per cent; it has now fallen to 3.5 per 
eent. The condylar foramen, occasionally forming a complete bridge 
of bone above the inner condyle and transmitting the median nerve 
and brachial artery, is known as the ‘“‘entepicondylar” foramen in com- 
parative anatomy, and is one of the most ancient characters of the 
mammalia; itreverts paleogenetically in 1 per cent of recent skeletons, 
but much more frequently in inferior races (Lamb). In the wrist bone 
is Sometimes developed another extremely old structure—the oscentrale. 
Grubert reported its recurrence at 0.25 per cent approximately. This 
is a case of neogenetic reversion, for Leboucqt shows that there is a 
distinet centrale in every human carpus in the first part of the second 
month, which normally fuses with the scaphoid by the middle of the 
third month, ‘ 

The divergence of the female from the male pelvis is an important 
feature of dur progressive development; it is proved by the fact that, 
as we descend among the lower races it becomes increasingly difficult 
to distinguish the female skeleton from the male, for the pelves of the 
two sexes are nearly uniform. Here it seems to me is a most interest- 
ing problem for investigation. Arbuthnot Lane’s§ views of the mechan- 
ical causes of this divergence, which are strongly Lamarckian, may be 
weighed with the theory of survival of the fittest, for the large female 
pelvis is perhaps the best example that can be adduced of a skeletal 
variation which would be preserved by natural selection, for reasons 
which are self-evident. The third trochanter of the femur is believed 


t Virchow’s Archiv, 1885, p. 353. 

t Ann. de la Soc. de Méd. de Gand, 1884. 

§ Journul of Anatomy and Physiology, 1888, p. 214. 
|| Lbid., 1890, p. 61. 


version (1 per cent) im our race and not an acquired variation, a 
is very frequently found among the Siowx, 50 per cent, Laplanders, 
per cent, and Swedes, 37 per cent; like the condylar foramen it is 
ancient mammalian character. i 

The feot is fall of Interest in its association of degeneration and de * 
velopment with our present habits of walking; the great tee is Increas__ 
ing and the little toe diminishing. causing the eblique Slope from within 
outward which is in wide contrast with the square tees In the Infanter — 
in the lower races. In many races the second toe is as long as the first, 
and the feet are carried parallel instead of the large toe turning out 
Tfanyone will analyze his sensations in walking, even in his shees, he 
will be conscious that the great toe is taking active part in pregression —— 
while the littie toe is passive and insensitive. We are not surprised, 
therefore. to learn from Pfitaner* that we are lesing a phalanx, that in 
many human skeletons (41.5 per cent in women and 31 per cent 
in men) the twe end jomits of the little tee are fused. The fasien 
oecurs not only in adults, but between birth and the seventh year, and 
in embryos of between the fifth and seventh month. The author dees 
not attribute this to the mechanical pressure of tight shoes because it 
is found in the poorer classes. He considers it the first act of a total 
degeneration of the fifth toe. 

Variations in the museles—The evolution of the muscles of the foot 
looks in the same direction. As you know, the large toe in many of 
the apes is set at an angle to the feet and is used in climbing. It is 
still employed in a variety of occupations by differentraces. Aceord- 
ing to Tremieti,? the celebrated great toe of the Annamese, which nor 
mally projects at a wide angle from the foot. is contemptmmously men- 
tioned in Chinese annals of 2255 B. c.. the race being then deseribed 
as the “cross-toes.” The long flexer of the hallux is apparently de 
generating, showing a tendéney to fuse with the flexor communis; the 
abductors and adductors of this tee are alse degenerating, the latter 
being proportionately large in children (Rage). The little tee exhibits 
only by reversion its primitive share of the flexer brevis (Gegenbaur); 
more frequently it varies in the direction of its future decline by losing 
its flexor brevis tendon entirely. Twe atavistie museles, the abducter 
metatarsi quintif (always present in the apes), and the peroneus paryus 
(Bischoff), alse point toe the former mobility of the outer side of the feot. 

In general the bones of the fot are developing on the inner and degen- 
erating on the outer side. with loss of the lateral movements of the 
hallux and of all independent movements in the little toe. The asseei- 
ated habit is that the main axis of pressure and strain now connects 


the heel and great toe, leaving the outer side of the feot comparatively 
fanctionless. 


* 


“See Humboldt, 1880; also Naixre. 1890, p- 301, 


* Journal of the Anthropological Insiiinte, 1SQQ, p. 461. 
+ Darwin: Deseeni of Man, p. 42. 
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The variations in the muscular system mark off more clearly the 
regions of contemporary evolution, aud therefore are even more instruc. 
tive than those in the skeleton. Museular anomalies have however 
never been adequately analyzed. Even the remarkable memoir of M- 
Testnt, “Sur les Anomalies musculaires,” is defective in not clearly 
distinguishing between variations which look to the future, those which 
revert to the past, and those which are fortuitous, for the anthor is 
strongly inclined to refer all anomalies to reversion. 
The law of muscular eyolation is specialization by the successive 
separation of new independent contractile bands from the large funda- 
mental muscles, while the law of skeletal evolution is reduction of 
primitive parts and the specialization of articular surfaces. The num- 
ber of muscles in the primates as a whole has therefore been steadily 
increasing, while the number of bones has been dimimishing. In man 
_ the number of muscles is probably increasing in the regions of the 
_ lower arm, and diminishing in every other region. The analysis is 
_ rendered very difficult by the fact that some muscles (¢. g., those con- 
necting the shoulder with the neck and back) revert to a former condi- 
tion of greater specialization when they were employed in swinging the 
body by the arms, and in quadrupedal locomotion; while other muscles 
(€.g., those connecting the forearm and fingers) revert to a former 
simpler arrangement when the hand was mainly a grasping organ, and 
the thumb was not opposable. 

As in the skeleton, we find that muscular anomalies include (1) 
palwogenetic reversions, or complete restorations of lost muscles; (2) 
neogenetic reversions, or revivals of former types in the relations of 
existing muscles; (3) progressive variations, which either by degener- 
ation or specialization point to future types; (4) fortuitous variatious, 
which cannot be referred to either of the above. 

Duyal observes that the flexor longus policis repeats in reversion all 
the stages of its evolution between man and the apes, in which it is a 
division of the flexor profundus. Gruber and others have even observed 
the absence of the thumb tendon. This is true of all the new muscles. 
Of this Testut writes: 

“ Ne dirait-on pas, en le voyant s’€loigner si souvent de son état nor- 
mal, que Ja nature youdrait le remener 4 sa disposition primitive, Int- 
tant ainsi sans cesse contre I’ adaptation, ef ne Jni abandonnant quw a 
regret l'une de ses plus belles conquétes.” 

Speaking of the hand, Baker says: 


“On comparing the human hand with that of the an thropoids, it imay 
be seen that this efficiency is produced in two ways—first increasing 
the mobility and variety of action of the thumb and fingers ; second, 
reducing the muscles used mainly to assist prolonged grasp, they be- 
ing 10 longer necessary to an organ for delicate work requiring coti- 
stant re- gonecment”™ 
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fe The Ascent of Mas,” * Proceedings Am. Assoc. Ad, Sci. 1290, vol, XXXIX, p. 35: 
Also, Smithsonian Report, 1890, p. 449. 
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You have noticed the recent discovery that the grasping power of 
infants is so great that the reflex contraction of the fingers upon a 
slender crossbar sustains their weight; this power and the decided 
inward rotation of the sole of the foot and mobility of the toes are per- 
sistent adaptations. Our grasping muscle, the palmaris longus, is 
highly variable and often absent; like the plantaris of the calf, it has 
been replaced by other muscles, and its insertion has been withdrawn 
from the metapodium to the palmar fascia. In negroes we frequently 
find the palmaris reverting to its former function of flexing the fingers 
by insertion in the metacarpals. 

The rise of muscular specialization by degeneration is beautifully 
shown in the extensor indicis, which, while normally supplying the 
index only, reverts by sending its former slips to the thumb, middle, 
and even to the ring finger. Testut* believes that the extension power 
of the middle and ring fingers has declined, as the cases of reversion 
point to greater mobility; the extensor minimi digiti is distinct and 
highly variable (Wood), often sending a slip to the ring finger. 

The entire flexor group of the hand, excepting the palmaris, is appa- 
rently specializing. The demonstration by Windlet and Bland Sutton, 
that the origin of the flexors and extensors is shifting downward from 
their original position, is evidence of an adaptation to the shcrt special 
contractions required of them. 

The abductor pollicis is also progressive and variable (Wood); the 
reduplication of its inferior tendon, which is sometimes provided with 
a distinct muscle, apparently points to the birth of a second abductor. 
The opponens of the thumb is well established and constant. Variabil- 
ity seems to characterize both the developing and degenerating mus- 
cles; the latter are apt to be absent; it is rare that an important muscle, 
such as the extensor indicis, is absent, but such cases are reported. 

It is interesting to note that the lost muscles of the body are almost 
exclusively in the trunk or shoulder, and pelvic arches, and not in the 
limbs. It will be remembered that the human shoulder joint is execep- 
tionally rigid, whereas in the quadrupedal state it was a factor in pro- 
gression. Some of the muscular reversions in this quadrupedal region 
are the levator clavieule (1 to 60, Macalister), trachelo-clavicularis, 
scalenus intermedius, acromio-basilaris (Champneys), transversus 
nuche (Gegenbaur). Apparently associated with the former swinging 
of the body by the fore limb in the arboreal life are the atavistic coraco- 
brachialis-brevis (Testut), the epitrochleo-dorsalis (Testut), and pecto- 
ralis tertius (Testut).§ 


Centers of variability.—aAs the literature is so readily accessible I 
will not multiply illustrations of the innumerable congenital variations 


*Sur les Anomalies Musculaires, p. 564. 
t Journal of Anatomy and Physiology, 1890, p. 72. 
} Or extensor ossis metacarpi pollicis. See Testut, p. 553. 
§ Quain describes seventy anomalous muscles (Ant., vol.t.). Testut deseribes a 
still larger number. 
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related to human evolution. I call attention to several important in- 


ductions. First, there are several centers in which both the skeletal 
and muscular systems are highly variable. Second, that the most con- 
spicuous variations, and therefore the most frequently recorded, are 
reversions. Third, that structure lags far behind function in evolution. 

The conclusions of Wood, and of Testut,* are that variability is inde- 
pendent of age or sex, of general muscularity, and of abnormal mental 
development. Wood found 981 anomalies in 102 subjects: of these, 623 
were developed upon both sides of the body, while 358 were unilateral. 
Of still greater interest are the statistics collected by Wood between 
186768 in the dissecting room of King’s College, upon 36 subjects 
(18 of each sex). These show that there are more anomalies in the 
limbs than in the trunk; that anomalies are rare in the pelvis; that 
there were 292 anomalies in the anterior limbs to 119 in the posterior; 
that in both limbs the anomalies increase toward the distal segments, 
culminating in the muscles of the thumb, where they rise to 90 per 
cent. (mainly flexor longus pollicis, and abductor longus pollicis). 
These facts seem to prove conclusively that while variation is universal 
it rises to @ maximum in the centers where human evolution is most 
rapid; here are Herbert Spencer’s conditions of unstable equilibrium. 
This has a direct bearing, as I shall show, upon our theory of heredity. 


Fortuitous congenital variations.—\1 have thus far considered only 
those variations which apparently have a definite relation to the course 
of human evolution. There is an entirely different class of congenital 
variations which may be described as fortuitous or indefinite because 
they do net occur in any fixed percentage of cases; they are liable to 
take any direction; they can not be considered reversional because 
they are not found in the hypothetical atavus, and there is not suffi- 
cient evidence to cause us to consider them as incipient features of our 
future structure. 

Some may not be truly congenital (7. ¢. springing direct from the 
germ ceils) but may be merely deviations trom the normal course of 
development. I may instance the variations in the carpus recorded by 
Turner? in which the trapezium and scaphoid unite, or the trapezoid 
and semilunar divide, or the astragalus and navicular unite (Ander- 
son). 

The best example of fortuitous congenital variations are seen in su- 
pernumerary fingers and vertebrae. The eighth cervical vetebra, bear- 
ing a rudimentary rib,i is not a reversion because the most remote an- 
cestors of man have but seven cervicals. In cases where a rib is de- 
veloped upon the seventh cervical, however, the reversion theory is 
sie applicable because rib- bearing cervicals are relatively Jess re- 


* Sur les ie PB RS es, p. 760. 
+ Journal of Anatomy and Physiology, 1884, p. 245. 
tArb. Lane: Journal of Anatomy and Physiology, 1885, p. 266. 


328 PRESENT PROBLEMS IN EVOLUTION AND HEREDITY. 


mote. The same distinction applies to polydactylism. How absurd 
it is to consider a sixth finger atavistic, when we remember that even 
our Permian ancestors had but five fingers. 

We can not however class, as purely fortuitous a variation which 
occurs in a definite percentage of cases presenting twenty four differ- 
ent varieties, but occurring in the same region. Such is the much-dis- 
cussed* musculus sternalis, a muscle extending vertically over the 
origin of the pectoralis from the region of the sterno-mastoid to that 
of the obliquus externus. Testut lightly applies his universal rever- 
sion theory, and as this muscle is not found in any mammal considers 
it a regression to the reptilian presternal (Ophidia) ! Turner also con- 
sidered it as reversional in connection with the panniculus carnosus, 
the old twitching muscle of the skin, which plays so many freaks of 
reversion in the scalp and neck; this view is negatived by the fact that 
this muscle is innervated by the anterior thoracic (Cunningham, Shep- 
herd) which would connect it with the pectorial system, or by the inter- 
costal nerves (Bardeleben). Although the high percentage of recur- 
rence in the sternalis in anencephalous monsters (90 per cent according 
to Shepherd) supports the reversion view, it is offset by the high per- 
centage (4 per cent.) in normal subjects, for this is far too high for a 
structure of such age as the reptilian presternal. Cunningham has 
advanced another hypothesis, first suggested by the frequency of this 
anomaly in women, that this is a new inspiratory muscle, having its 
origin in reversion, but serving a useful purpose when it recurs, and 
therefore likely to be perpetuated. 

These fortuitous variations, as well as variations in the proportions 
of organs, play an important part in the present discussion upon hered- 
ity, for it is believed by the Weismann school that such variations, if 
they chance to be useful, will be accumulated by selection and thus 
become race characters. 


The limits of reversion.—There is such a wide difference of opinion 
upon the subject of reversions that it is important to determine what 
are some of the tests of genuine reversions. How shall we distinguish 
them from indefinite variations or from anomalies like the sternalis 
muscle, which strain the reversion theory to the breaking point? 

Testut, t Duval,and Blanchard take the extreme position that almost 
all anomalies reproduce earlier normal structures, and that the excep- 
tions may be attributed to the incompleteness of our knowledge of 
comparative anatomy. I may here observe that popular as the descent 
theory has recently become in France, neither these anthropologists 
nor the paleontologists show a very clear conception of the phyletic 
or branching element in evolution. If they do not find a muscle in the 
primates they look for it in other orders of mammals. Now, since 
these other branches diverged from that which gave rise to man ata 


*See Turner, Shepherd, and Cunningham: Journal of Anatomy and Physiology. 
t Sur les Anomalies Musculaires, p. 4. 
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most remote period, the discovery of a similar muscle may be merely a 
coincidence; it is by no means a proof of reversion. 

The first test of reversion is therefore the anatomy of the atavus 
and this is derived partly from the paleontological record of the 
primates, partly from the law of divergence, viz., that features which 
are common to all the living primates were probably also found in the 
stem form which gave rise to man; finally, from the comparative anat- 
omy of the living anthropoidea. 

The second test is whether a structure passes the limits of reversion 
as determined by cases of atavism in which there can be no reasonable 
doubt. Two of these phenomena have recently been discussed, which 
seem to extend the possibilities of reversion back to structures which 
were lost at a very remote period. I refer to papers by Williams and 
Howes. Williams* has analyzed 166 recorded cases of polymastism; 
he finds that supernumerary nipples of some form occur in two per 
cent, and that in all except four of the cases examined the anomalies, 
tested by position, etc., support the reversion hypothesis. In the 
living lemurs, which form a persistent primitive group of monkeys, we 
find that the transition from polymastism to bimastism is now in 
progress by the degeneration of the abdominal and inguinal nipples; it 
is fair to assume that the higher monkeys also lost their abdominal 
nipples at a primitive stage of development, and therefore that cases 
of multiple nipples indicate reversion to a Lower Eocene condition! 
Howes t has recently completed a most interesting study of the ‘in- 
tranarial epiglottis,” or cases in which the epiglottis is carried up into 
the posterior nares, as in young marsupials and some cetacea, to sub- 
serve direct narial respiration. ‘This has now been observed to occur 
by reversion in all orders of mammals, including the monkeys and 
lemurs. One case has also been reported by Sutton of its occurrence 
in a human fetus. This is apparently a human reversion to a structure 
much older than the age of the lemurs. 

The third test is the inverse ratio to time. It would seem, a priori, 
that the percentage of recurrence of atavistic structures should decrease 
as the extent of time elapsing since the structure disappeared increases. 
This law is apparently established in the case of the condyiar and 
intercondylar foramina, and if we examine all the percentages which 
have been established we see at once that they bear a ratio to time; 
compare the relative frequency of the ischio-pubie (50 per cent), dorso- 
epitrochlearis (5 per cent), and levator-claviculie (1.66 per cent) mus- 
cles with the periods which have elapsed since their past service. This 
is why it is so important to establish percentages for all our atavistic 
organs; fuller statistics will not only bear upon heredity, but I can 
conceive of their application to the extremely difficult problem of 
estimating geological time. We must, of course, establish as a stand- 


* Journal of Anatomy and Physiology, 1891, p. 224. 
t Ibid, 1889, p. 587. 
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ard cases of congenital variation in which the frequency of recurrence 
has been steadily declining in the same race between two known periods 
of time—an available structure is the intercondylar foramen or supra- 
trochlear foramen, as recorded by Blanchard, Shepherd, and others. 

The reversional tendency is hereditary. There are many cases, both 
of reversions (as in the teeth) and indefinite variations being hereditary, 
that is, re-appearing in several generations, or skipping a generation 
and recurring in the second. 


Summary.—There are clearly marked out several regions in the human 
body in which evolution is relatively most rapid, such as tle lower 
portion of the chest, the upper cervicals, the shoulder girdle in its rela- 
tion to the trunk, the lower portion of the arm and hand, the outer 
portion of the foot. We notice that these regions especially are centers 
of adaptation to new habits of life in which new organs and new rela- 
tions of parts are being acquired and old organs abandoned. 

We observe also that all parts of the body are not equally variable, 
but these centers of evolution are also the chief centers of variability. 
The variations here are not exclusively, but mainly, of one kind; they 
rise from the constant struggle between adaptation and the force of 
heredity. Here is a muscle like the extensor indicis attempting to give 
up an old function and establish a new one; it maintains its new fune- 
tion for several generations, and then goes back without any warning 
to a function which it had thousands of years ago. Thus the force of 
reversion strikes us as a universal factor. 

Now the singular fact about reversion is the frequent proof it affords 
of what Galton has called “particulate inheritance.” When the ex- 
tensor indicis reverts, all the muscles around it may be normal; there- 
fore we are obliged to consider each of these muscles as a structure by 
itself, with its own particular history and its own tendencies to develop 
or degenerate. Thus it is misleading to base our theory of evolution 
and heredity solely upon entire organs; in the hand and foot we have 
numerous cases of muscles in close contiguity, one steadily developing, 
the other steadily degenerating. Reversion very rarely acts upon many 
structures at once; when it does, we have a case of diffused anomaly, 
some repetition in the epidermis, or in the entire organism of a 
lower type. 

Yet in spite of reversion and the strong force of repetition in inherit- 
ance, the human race is steadily evolving into a new type. We must, 
it seems to me, admit that an active principle is constantly operating 
upon these particular structures, guiding them into new lines of adapta- 
tion, acting upon widely separate minor parts, or causing two parts, 
side by side, to evolve in opposite directions, one toward degeneration, 
the other toward development. 

I may now recall the two opposed theories as to what this active 
principle is: 

The first, and oldest, is that individual adaptation, or the tendencies 
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established by use and disuse upon particular structures in the parent 
are in some degree transmitted to the offspring and thus guide the 
mam course of variation and adaptation. 

The second is that all parts of the body are variable, and that wher- 
ever variations take a direction favorable (that is, adaptive) to the sur- 
vival of the parent they tend to be preserved; where they take the op- 
posite direction they tend to be eliminated. Thus, in the long run, 
adaptive variations are accumulated and a new type is evolved. 

It is evident at once, from a glance over the facts brought forward 
in this lecture, that the first theory is the simplest explanation of these 
facts; that use and disuse characterizes all the centers of evolution; that 
changesof structure are slowly following our changes of function or habit. 

But while the first explanation is the simplest it by no means fol- 
lows that it is the true one. In fact, it lands us in many difficulties, 
so that I shall reserve the pros and cons for my second lecture upon 
heredity. The Lamarckian theory is a suspiciously simple explana- 
tion of such complex processes. 


LECTURE I1.—THE DIFFICULTIES IN THE HEREDITARY THEORY. 


Nur muss ichnochmals betonen, dass nach meiner Auffassung der Anfang einer 
neuen Reihe erblicher Abweichungen, also auch der Hintritt einer nenen Art ohne 
eine vorausgegangene erworbene Abweichung undenkbar ist.—VIRCHOW. 

State of opinion.—The above quotation from one of the most eminent 
authorities of our times represents the unshaken conviction of a very 
large class upon one side of the question of transmission of acquired 
characters, which is met by equally firm conviction upon the other side. 

Herbert Spencer, whose entire system of biology, psychology, and 
ethics is based upon such transmission, says: ‘I will only add that, 
considering the width and depth of the effects which acceptance of one 
or other of these hypotheses must have on our views of life, mind, morals, 
and politics, the question which of them is true demands, beyond all 
other questions whatever, the attention of scientific men.” * ‘This shows 
that Spencer considers the matter still sub judice, and lest you may think 
I am bringing before you an issue in which learning and experience 
are ranged against ignorance and prejudice, I have taken some pains 
by correspondence with a number of friends abroad to learn the pres- 
ent state of opinion. The two leading English and French authorities 
upon this subject express themselves doubtfully. 

Galton’s mind is still wavering, as in his work of 1889 he says: 

“T am unprepared to say more than a few words on the obscure, 
unsettled, and much-discussed subject of the possibility of transmitting 
acquired faculties. - - - There is very little direct evidence of its 
influence in the course of a single generation, if the phrase of ‘acquired 
faculties’ is used in perfect strictness and all inheritance is excluded 
that could be referred to some form of natural selection, or of infection 
before birth, or of peculiarities of nurture and rearing.” t 


* Nineteenth Century, 1889. 
t Natural Inheritance, 1889, p. 14. 
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Ribot, although in the center of the French Lamarckians, says: ‘Not- 
withstanding these facts the transmission of acquired modifications 
appears to be very limited, even when occuring in both of the parents.” 
Excepting from K6lliker; His, the Leipsic anatomist; Pfliiger, the 
_ physiologist; Ziegler, in pathology; and De Vries, 1 botany, Weis- 
mann has not found much sympathy from his own countrymen in his 
opinion “that acquired characters can not be transmitted; - - - 
that there are no proofs of such transmission, that its occurrence is 
_ theoretically improbable, and that we must attempt to explain the 
transformation of species without its aid.”* Besides Virchow+ and 
_ Himer,i Haeckel has expressed himself strongly against Weismann. 
My colleague, Prof. Wilson, writes me (Munich, December 31, 1891) 
that, while Weismann’s modified theories as to the phenomena in the 
reproductive cells are pretty generally accepted, Hertwig, Hofer, Paully, 
Boveri, and others are pronounced advocates of the acquired-charac- 
ter-transmission theory. 

In Paris Browu-Séquard, who was among the first to test this prob- 
lem experimentally by observing the inheritance of the effects of nerve. 
lesions, his assistant, Dupuy, Giard, Duval, Blanchard, and others are 
on the affirmative, or Lamarckian side. 

Physiologists generally have fought shy of the question, although I 
think in the end they will be forced to take it up with the morpholo- 
gists, and give us the physio-morphological theory of heredity of the 
future. Prof. Michael Foster, of Cambridge, and Prof. Burdon-San- 
derson, of Oxford, both write me that the question has hardly come 
into the physiological stage of inquiry at all. Yet in England Weis- 
many has found his strougest supporters among some of the naturalists: 
Wallace, Lankester, Thiselton Dyer, Meldola, Poulton, Howes, and 
others; while, excepting Windle, the anatomists, including Mivart and 
Lawson Tait, with Sir William Turner as the most prominent, are all 
Lamarckiags. Huxley, Romanes, and Flower are said to be doubtful. 
In this country the opinion of naturalists is directly the outgrowth of 
the class of studies in which each happens to be engaged. So far as I 
know every vertebrate and invertebrate palxontologist is a Lamarck- 
ian,§ for in this field all evolution seems to follow the lines of inherited 
use and disuse; most of those engaged upon invertebrate zodlogy in- 
cline to follow Weismann. I have conversed upon this subject. with 
many physicians, and find that without exception the transmission ot 
acquired characters is an accepted fact among the profession. 


BHaact statement pen the U aetiall —It is important at the outset to 


ee Centralblatt, 1888, pp. 65 and 97. 
+Ueber den Transformismus, Archiv f. Anthropologie, 1889, p. 1. 
¢ Organic Evolution, upon the Law of Inheritance of Acquired Characters. Tiibin- 


gen, 1888. Trans. 
§ See the writings of Hyatt, Cope, Ryder, Dall, Scott, and others. 
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state most clearly what is and what is not involved in this discussion, 
Weismann* does not claim that the reproduction or germ cells are un- 
influenced by habit; on the other hand, he admits that most important 
modifications in these cells may and do result from changes of food, 
climate, from healthy or unhealthy conditions of the body; also from 
infectious disease, where it is quite as possible that the microbes may 
enter the reproductive cells as any other cells of the body; from alco- 
holism, where the normal molecular action of the protoplasm of the 
germ cells may be disturbed, resulting in abnormal development, and 
there are some very interesting experiments which I shall cite on this 
point; from some nervous disorders swhich profounaly modify cell- 
function in all the tissues; in other words, ovum sanum in corpore sano. 
But to accept all this, and even to include all our rapidly increasing 
knowledge of the direct relation between such phenomena as produc- 
tion of deformities and determination of sex, and the influences of 
environment upon the ovum; or the influences of the mother upon the 
foetus—this is all aside from the real question at issue. 

It may be stated thus: Given G, the ova and spermatozoa, the germ 
cells or material vehicles of hereditary characters; S, the body or so- 
matic cells of all the other tissues conveying the hereditary characters 
of nerve, muscle, and bone; V, the variations in these body cells “ae- 
quired” during lifetime; given these factors, the real question is: Do 
influences at work producing variations in certain body cells of the 
parent so affect the germ cells of the parent that they re-appear in cor- 
responding body cells of the offspring? To take a concrete case, will 
the increased use of the cells of the extensor indicis muscle in the 
parent so stimulate that portion of the germ cells which represents this 
muscle that the increment of growth will in any degree re-appear in 
the offspring? 

This is what is required of heredity upon the Lamarekian hypothe- 
sis, and I think you will see at once that while this hypothesis sim- 
plifies the problem of evolution it in a corresponding degree renders 
more difficult the problem of heredity—for we have not the first ray of 
knowledge of what such a process involves. There is no quality more 

essential to scientific progress than common honesty; if we take a 
position let us face all its consequences; the more we reflect upon it 
the more serious the Lamarckian position becomes. 

In the present lecture let us first briefly review the progress of the 
science of heredity which has led up to the present discussion. Second, 
let us examine the evidence for and against the Lamarckian theory, 
and inquire how far natural selection can explain all the facts of evolu. 
tion. Third, let us examine the evidence for such a continuous relation 
between the body cells and germ cells as must exist if the Lamarckian 
theory is the true one. 


History of the heredity FR ok ah a valuable summary of the past 


*See Essays upon Heredity and Kindred Biological Problems, 1889, ‘Trans, 
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theories of heredity* J. A. Thompson distinguishes three general 
problems, which are often confused: Ist. What characters distinguish 
the germ cells from other cells of the body? 2d. How do the germ 
cells derive these distinguishing characters? 3d. How shall we inter- 
pret © particulate” inheritance, or the re-appearance of single peculiari- 
ties in the offspring? 

The various theories may be grouped under two heads, “ Pangenesis 

of Germ cells” and “Continuity of Germ cells” according to the 
dominating idea in each, 
1. Pangenesis—The idea pervading pangenesis was first expressed 
py Democritus that the “seed” of animals was derived by contributions 
of material particles from all parts of the bodies of both sexes, and that 
like parts produced like. Two thousand years later, Buffon revived 
; this conception of heredity in his + Molecules organiques.” In 1864 
Herbert Spencer suggested the existence of * physiological units,” 
derived from the body cells of the parent, forming the germ cells and 
then developing into the body cells of the offspring. 

It is interesting to note the course of Darwin's thoaght upon this 
 natter in his published works and in his “ Life and Letters.” He was 
at first strongly opposed to the views upon evolution advanced by 
Buffon, by Erasmus Darwin, his grandfather, expauded by Lamarck, 
and now known as Lamarckian. But gradually becoming convinced 
that his own theory of natural selection could not account for all the 
facts of evolution, he unconsciously became a strong advocate of 
Lamarck’s theory, and contributed to it a feature which Lamarck had 
entirely omitted, namely, a theory of heredity expressly designed to 
explain the transmission of acquired characters. Darwiv’s “ provi- 
sional hypothesis of pangenesis” * postulated a material connection 
between the body cells and germ cells by the circulation of minute buds 
from each ¢ell; each body cell throws off a “ gemmule” containing its 
characteristics, these gemmules multiply and become especially concen- 
trated in the germ cells; in the latter they unite with others like them- 
selves; in course of development they grow into cells like those from 
which they were originally given off. (See Fig 1, Diagram 1.) 

Galton, who has always been doubtful in regard to use inheritance, 
while advancing a theory of “continuity,” partly approved Darwin’s 
pangenesis idea in the cautious statement: “Each cell may throw off a 
few germs that find their way into the circulation and thereby have a 
chance of entering the germ cells.27 At the same time Galton coutrib- 
uted very important experimental disproof of the existence of *-gem- 
mules,” and in fact-—of the popular idea of the circulation of hereditary 
characters in the blood, by a series of careful experiments upon the 
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+ See Animals and Plants under Domestication 1375, vol. , p. 349. 
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transfusion of blood in rabbits; he found that the blood did not con- 
vey with it even the slightest tendency tu transfer normal character- 
istics from one variety to another. 
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spermatozoa were sharply differentiated.* (1) He regarded the ovum 
as a cell especially designed as a storehouse of hereditary characteris- 
tics, each characteristic being represented by material particles of some 
kind; thus hereditary characters were handed down by simple cell divi- 
sion, each fertilized ovum giving rise to the body cells in which its hered- 
itary characters were manifested and to new ova in which these charac- 
ters were conserved for the next generation (this portion of Brooks’s 
theory is very similar to Galton’s and Weismann’s). (2) The body 
cells have the power of throwing off “ gemmules,” but this is exercised 
mainly or exclusively when its normal functions are disturbed, as in 
metatrophic exercise or under change of environment. (3) These gem- 
mules may enter the ovum, but the spermatozoan is their main center. 
According to this view the female cell is rather conservative and the 
male cell progressive; the union of these cells produces variability in 
the offspring, exhibited especially in the regions of the offspring cor- 
responding to the regions of functional disturbance in the parent, 
This hypothesis was well considered, and while that feature of it which 
distinguishes the male and female germ cells as different in kind has 
been disproved, and the whole conception of gemmulesis now abandoned, 
the fact still remains that we shall nevertheless be obliged to offer some 
hypothesis to explain the facts disregarded by Weismann for which 
Brooks provides in his theory of the causes of variation. 


2. Continuity of germ cells.—The central idea here is an outgrowth 
of our more modern knowledge of embryogenesis and histogenesis, and 
is therefore comparatively recent; it is that of a fundamental dis- 
tinction between the “germ cells,” as continuous and belonging to the 
race, and the “body cells,” as belonging to the individual. Weismann 
has refined and elaborated this idea, but it was not original with hin. 

Richard Owen,f in 1849, Haeckel,i in 1866, Rauber,§ in 1879, in turn 
dwelt upon the distinction which Dr. Jaeger, now of manufacturing 
fame, first clearly stated: 

“Through a great series of generations the germinal protoplasm re- 
tains its specific properties, dividing in every reproduction into an 
ontogenetic portion, out of which the individual is built up, and a 
phylogenetic portion, which is reserved to form the reproductive 
material of the mature offspring. This reservation of the phylogenetic 
material I described as the continuity of the germ protoplasm. - -— - 
Encapsuled in the ontogenetic material the phylogenetic protoplasm 
is sheltered from external influences, and retains its specific and em- 
bryonic characters.” The latter idea has, under Weismann, been 
expanded into the theory of isolation of the geim cells. 

Galton introduced the term “stirp” to express the sum total of 
ss Phe ‘Law of .Heredity, 1883. . 
+See Parthenogenesis, in his Anatomy of Vertebrates. 

t Generelle Morphologic, vol. 1, p. 170. 
§ Zool. Anz., vol. 1X, p. 166. 
HG Mis, 114 22. 
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hereditary organic units contained in the fertilized ovum. His con- — 
ception of heredity was derived from the study of man, and he sup- 
ported the idea of continuity in the germ cells in order to account for 
the law of transmission of “latent” characters; it is evident from this 
law that only a part of the organic units of the “stirp” become “patent” 
in the individual body; some are retained latent in the germ eells, and 
become patent only in the next or some succeeding generation. For 
example, the genius for natural science was “patent” in Erasmus Dar- 
win, grandfather of the great naturalist, it was “latent” im his son, 
and re-appeared intensified in his grandson, Charles Darwin. I have 
elsewhere* summed up as follows Galton’s general results, which so 
remarkably strengthen the ‘‘continuity” idea: Weare made up, bit 
by bit, of inherited structures, like a new building, composed of 
fragments of an old one, one element from this progenitor, another 
from that, although such elements are usually transmitted in groups. 
‘The hereditary congenital constitution thus made wp is far stronger 
than the influences of environment and habit upon it. <A large 
portion of our heritage is unused, for we transmit peculiarities we 
ourselves do not exhibit. The contributions from each ancestor can 
be estimated in numerical proportions, which have been exactly deter- 
mined from statistics of stature in the English race; thus the con- 
tributions from the ** patent” stature of the two parents together con- 
stitute one-half while the contributions by * latent” heritage from the 
grandparents constitute one-sixteenth, ete. One of the most important 
demonstrations by Galton is the law of regression; this is the factor 
of stability in race type which acts as gravitation does upon the pen- 
dulum; if an individual or a family swing far from the average 
characteristics of their race, and display exceptional physical or 
mental qualities, the principle or regression in heredity tends to draw 
their oftspring back to the average. 

Now how shall we distinguish regression from reversion? Very 
clearly, I think: regression is the short pull which tends to draw every 
variation and the individual as a whole back to the contemporary typ- 
ical form, while reversion is the long pull which draws the typical form 
of one generation back to the typical form of a very much earlier gen- 
eration. These forces are evidently akin, and in the shades of trans- 
ition from one type to another we would undoubtedly find a constant 
diminution numerically in the recurrence of characters of the older 
type, and thus ** regression * would pass insensibly into “ reversion.” 

Weismann has carried the idea of continuity to its extreme in his 
simple and beautitul theory of heredity, which is founded upon the 
postulate that there is a distinct form of protoplasm, with definite 
chemical and molecular properties, set apart as the vehicle of inherit- 
ance; this is the germ plasm, G@, quite separate from the protoplasm 
of the body cells or somatoplasm, 8S. Congenital characters arising in 


— 


* Atlantic Monthly, March, 1891, p. 359. 
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the germ-cells are called blastogenetic, while acquired characters avis- 
ing in the body cells are somatogenetic. ‘ 
To clearly understand this view, let us follow the history of the fer- 
tilized oyum in the formation of theembrye. It first divides into soma- 
to-plasm and germ-plasm (see Fig. 1, Diagram 111), the former supplies 
all the tissues of the body—n, s, m, d, 7, nervous, muscular, vascular, 
digestive, etc.—with their quota of hereditary structure; the residual 
germ-plasm is kept distinct throughout the early process of embryonic 
cell division until it enters into the formation of the nuclei of the re- 
productive cells, the ova or spermatozoa. Here it is isolated from 
changes of function in the somato-plasm, and in common with all other 
protoplasm is capable of unlimited growth by cell division without Joss 
or deterioration of its past store of hereditary properties; these prop- 
erties are lodged in the nucleus of each ovum and spermatozoan, and 
these two cells, although widely different in external accessory struc- 
_ ture (because they have to play an active and passive part in the act 
of conjugation), are exactly the same in their essential molecular 
structure, and the ancestral characters they convey differ only because 
they come along two different lines of descent. When these cells unite 
they carry the germ-plasm into the body of another individual. Thus 
the somato-plasm of each individual dies, while the germ-plasm is im- 
mortal; it simply shifts its abode from one generation to another; it 
constitutes the chain from which the individuals are mere offshoots. 
Thus the germ-plasm of man is continuous with that of all ancestors 
in his line of descent, and we have an explanation of the early stages 
observed in development in which the human embryo passes through 
a succession of metamorphoses resembling the adult forms of lower 
types. 

In order to emphasize, as it were, the passage of the germ-plasin 
from one generation to another without deterioration in its marvellous 
hereditary powers, Weismann added the idea of its isolation. Not only 
does he repudiate the pangenesis notion of increment of germ-plasm 
by addition of gemmules, but he believes that it is unaffected by any 
of the normal changes in the somatic or body cells. As this continuity 
and isolation would render impossible the transmission of characters 
acquired by the somato-plasm, Weismann began to examine the eyi- 
dence for such transmission. and coming to the conclusion that it was 
insufficient, in his notable essay ou *‘ Heredity,” in 1533, he boldly at- 
tecked the whole Lamarckian theory and has continued to do so in all 
his subsequent essays. 

Being forced to explain evolution without this factor, he claimed 
that variation in the germ plasm was coustanly arising by the union 
of plasmata from different lines of descent im fertilization, and that 
these variations are constantly being acted upon by natural selection 
to produce new types. He thus revived Darwin’s earlier views of 
eyolution, and this in part explains his strong support by English uat- 
uralists. 
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It will be seen at once that there are a number of distinct questions 
involved. = 

The matter of first importance in life is the repetition and preservation 
of type, the principle which insures the unerring accuracy and precision 
with which complex organs are built up from the germ cells; the force 
of regression and the more remote forces of reversion all work in this 
conservative direction; the theory of the preservation of these forces in 
a specific and continuous form of protoplasm is by far the most plausi- 
ble we can offer at present. 

The matter of second importance, but equally vital to the preserva- 
tion of races, in the long run, is the formation of new types adapted to 
new circumstances of life. I shall now attempt to show that the facts 
of evolution, while not inconsistent with the idca of continuity of the 
germ plasm, are wholly at variance with the idea of its independence, 
separation, or isolation from the functions of the body. This can be 
done by proving, first, that the theory of evolution solely by natural 


selection of chance favorable variations in the germ plasm is inade- © 


quate; second, that the inheritance of definite changes in the somatic 
cells is also necessary to explain evolution, and therefore there must 
exist some form of force or matter which connects the activities of the 
somatoplasm with those of the germ plasm. 

In the following table are placed some of the facts of human evyolu- 
tion which we have observed in the first lecture, and as they are part 
of inheritance, they also constitute the main external phenomena of 
heredity: 


Phenomena of heredity. 


Conservative (toward past type). Natural. Progressive (toward future type). 


contemporary race type. ters (from contemporary race 


: oe = NWR Ss ans U wy pe): 
c. Reversion (mainly in single charac- | Variability. | 


ters) to past race type. 


a. Repetition of parental type. } | a. Definite variation in single charac- 
| | i ters, by accumulation =. 
: : |( Fortuitous and in- rate oe ae 
Regression (in many characters) to | } AwiniG. a 1 | b. Definite variation in many charac- 
J 


What are causes of these various phenomena? 


Factors of evolution—The term “kinetogenesis” has been applied 


to the modern form of the Lamarckian theory, for it is an application of 


kinetic or mechanical principles to the origin of all structures such as 
teeth, bone, and muscle. It would be fatal to this theory if it could be 
shown that the changes taking place in course of a normal individual 
life, under the laws of use and disuse, are inadaptive, or do not corre- 
spond to those observed in the evolution of the race. 

The relative growth of Organs.—Ball,* in his long argument 
against Lamarckianism, claims that such is the case, and that use 


' * Op. cit., p. 129. 
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inheritance would be an actual evil: ‘Bones would often be modified 
disastrously. Thus the condyle of the human jaw would become 
larger than the body of the jaw, because as the fulcrum of the lever 
it receives more pressure. Some organs (like the heart, which is 
always at work) would become inconyeniently or unnecessarily large. 
Other absolutely indispensable organs which are comparatively pas- 
Sive ov are very seldom used would dwindle until their weakness 
caused the ruin of the individual or the extinction of the species.” 
He later cites from Darwin* the ‘Report of the United States Com- 
mission upon the Soldiers and Sailors of the Late War,” that the 
longer legs and shorter arms of the sailors are the reverse of what 
should result from the decreased use of the legs in walking and 
increased use of the arms in pulling. A little reflection on Mr. Ball’s 
part would have spared us this crude objection, for whatever difficul- 
ties may arise from theoretical speculation as to the laws of growth, 
or from statistics, the fact remains that activity must increase adapta- 
tion in every part of the organism; otherwise the runner and the 
trotting horse should be kept off the track to increase their speed, 
the pianist should employ as little finger exercise as possible. If the 
growth tendencies in single organs are transmitted, it is evident that 
the adaptive adjustments between these tendencies will also be trans- 
mitted. 

The Feet.—In point of mechanical adaptation, man, with the single 
exception of his thumb and forearm, has not progressed beyond the 
most primitive eocene quadruped. The laws of evolution of the foot 
in the ungulate or hoofed animals, which have been especially studied 
by Kowalevsky, Ryder, Cope, and myself, affords a conclusive dem- 
onstration that the skeletal changes in the individual coincide with 
those which will mark the evolution of the race. In the earliest un- 
gulates the carpals and tarsals are disposed, as in man, directly above 
each othér, with serial joints, as in diagram A, Fig. 2; in the course 
of evolution all these joints became interlocking, as in diagram JB, 
Tig. 3; thus producing an alternation of joints and surfaces similar to 
those which give strength to masonry. In studying these facts Copet 
reached a certain theory as to the motion of the foot and leg in loco- 
motion. In trying to apply this, I found it could not be harmonized 
with all the facts, and I worked out an entirely different theory.¢ This 
J found subsequently coincided exactly with the results previously 
obtained by Muybridge, by the aid of instantaneous photographs, and 
summarized by Prof. Harrison Allen, of the University of Pennsyl- 
vania.§ 

The monodactylisih of the horse was attained by the atrophy of the 


* Descent of Man, p. 32. 

+ American Naturalist, 1887, p. 986. 

t See Trans. of American Philosophical Society, 1889, p. 561. Philadelphia. 

§ The Muybridge Work at the University of Pennsylvania. Philadelphia, 1888. 
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lateral toes, and concentration of the major axis of body weight and 
strain upon the middle finger and toe. Man is also tending toward 
monodactylism in the foot by the establishment of the major axis 
through the large toe and atrophy of the outer toes. The present atro- 
phy of our small toe is as good a parallel as we can find of the changes 
which were occurring in the eocene period among the ancestors of the 
horse. 

The Teeth.—But how about the teeth, in which there is an absolute 
loss of tissue in consequence of use? This is another objection raised 
by Ball, Poulton, and others, which disappears upon examination. 

The dental tissues, while the hardest in the body, and, unlike bone, 
incapable of self-repair, are not only both living and sensitive, but, to 
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PRIMITIVE UNGULATE rooT.—Lines of 


vertical cleavage on either side of the 
middle toe, IIT. Spreading of toes would 
cause separation of the carpals. 


RECENT UNGULATE FOOT.—No lines 
of vertical cleavage. All jomts broken 
by enlargement of scaphoid, uncitorm, 
and radius, the bones reseivying greatest 


deeneete ieee Lateral toes, I, V, 
a very limited degree, plastic and capable of change of form. Fx 
hypothesi, it is not the growth, but the reaction tendeney which pro- 
duces the growth, which is transmitted. The evolution of the teeth, 
therefore, falls into the same category as bone.* In the accompanying 
figures I have epitomized the slow transformation of the single-fanged 
conical reptilian tooth, such as we see in the serpents, into the low- . 
crowned human grinder. We now know all the transition forms, so 
that we can homologize each ef the cusps of the human molar with its 
varied ancestral forms in the line of descent. For example, the anterior 
lingual or inner cusp of the upper true molars traces its pedigree back 
to the reptilian cone. The anterior triangle of cusps, or trigon, seen in 
the mesozoic mammalia and persisting in the firsf inferior true molar 
of the modern dog, is still seen as the main portion of the erown of the 
human upper molars (pr, pa, me). To this was added, ages ago, the 


* See especially the papers of Ryder, Cope, and the writer, ‘‘ Evolution of Mam- 
malian Molars to and from the Tritubercular Type,” American Naturalist, 1889. 
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_ posterior lingual cusp, or hypocone, which, as Cope has shown, is ex- 
hibited in various degrees of development in different races and is an 


ve eave ee 


Fig. 4. 


EVOLUTION OF THE CUSPS OF THE HUMAN LOWER MOLAR.—pr*, protoconid (anterior buccal cusp); 
pa", paraconid; me, metaconid (anterior lingual cusp); hy*, hypoconid (posterior buccal); en“, ento- 
conid (posterior lingual cusp); ms, mesoconulid (intermediate cusp). Diagram 1.—Reptilian stage. 
Diagrams 2-5.—Mesozoic mammals, first lower molars showing rise of ancestral cusps. Diagram 6.— 
Eocene carnivore (miacis), showing how the low tubercular crown m4 is derived from the high crown 
m1. Diagram 7.—Eocene monkey (Anaptomorphus), showing how the primitive anterior lingual cusp 
pa‘ disappears. Diagram 8.—Hnuman first molar with its ancestral cusps. 


important race index.* A glance through the diagrams shows that 
the development of the crown has been by the successive addition of 
new cusps. Without entering upon the details of evidence, which 
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KEY TO PLAN OF UPPER AND LOWER MOLARS IN ALL MAMMALS.—Each tooth consists of a triangle, 
trigon, with the protocone, pr, at the apex. The apex is on the inner side of the upper molars and on 
tle outer side of the lower molars. 


would be out of place here, I may say, briefly, that the new main cusps 
have developed at the points of maximum wear (7. ¢., use), and con- 


in most negroes they are square (diagram 12). In our race they are intermediate. 
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versely in the degeneration of the crown, disuse foreshadows atrophy 
and disappearance. 

Upon the whole, with some exceptions which we do not at present 
understand, the course of evolution of the teeth supports the evi- 
dence derived from the skeleton that, whether any true causal relation 
has existed or not, the lines of individual transformation in the whole 
fossil series preceded those of race transformation. 
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Fig. 6 

EVOLUTION OF THE HUMAN UPPER MOLARS.— Diagram 9 —Anuptomorphus, a Lower Eocene monkey. 
Diagram 10. —An Upper Eocene monkey. Diagrams 11 and 12.—Human; 11, Esquimanx; 12, negro. 
See addition of ‘‘talon,” hy, to *‘ trigon * composed of pa, pr, me. 

The rise of new organs.—We owe to Dr. Arbuthnot Lane a most 
interesting series of studies upon the influences of various occupa- 
tions upon the human body. He proves conclusively that individual 
adaptation not only produces profound modifications in the proportions 
of the various parts, but gives rise to entirely new structures. 

His anatomy and physiology of a shoemaker* shows that the life-long 
habits of this laborious trade produce a distinct type, which if ex- 
amined by any zodlogical standard would be unhesitatingly pro- 
nounced a new species—homo sartorius. The psychological analysis 
which a Dickens or Balzac would draw, showing the influences of the 
struggle for existence upon the spirit of this little tailor, could not be 
more pathetic than Dr. Lane’s analysis of his body. The bent form, 
crossed legs, thumb and forefinger action, and peculiar jerk of the 
head while drawing the thread, are the main features of sartorial habit. 
The following are only a few of the results: The muscles tended to 
recede into tendons, and the bony surfaces into which they were in- 
serted tended to grow in the direction of the traction which the 
muscle exerted upon them. The articulation between the sternum and 
the clavicle was converted into a very complex arthrodial joint, con- 
stituting almost a ginglymoid articulation. The sixth pair of ribs 
were anchylosed to the bodies of the vertebrae, indicating that they 
had ceased to rise and fall with sternal breathing, and that respira- 
tion was almost exclusively diaphragmatic. The region of the head 
and first two vertebra of the neck was still more striking: the trans- 
verse process of the right side of the atlas, toward which the head 
was bent, formed a new articulation with the under surface of the 
jugular process of the occipital bone, “a small synovial cavity sur- 
rounded this Eexcauiued area aes but there was no Bp SaRancS of a 
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capsular ligament;” the left half of the axis was united by bone to 
. the corresponding portion of the third cervical; there was found a 

new upward prolongation of the odontoid peg of the axis, and a new 
accessory transverse ligament to keep it from pressing upon the cord. 
_ Inshort, “the anatomy of the shoemaker represents the fixation and 
subsequent exaggeration of the position and tendencies to change 
which were present in his body when he assumed the position for a 
short period of time. 


Rate of inheritance.—This illustration serves also to emphasize the 
great contrast between the rapidity of individual transformation and 
the slowness of race transformation. No one would expect the son of 
this sho@maker to exhibit any of these acquired malformations. Yet 
Dr. Lane thinks he has observed such effects in the third generation 
by the summation of similar influences. 

All palewontological evidence goes to show that the effects of normal 
habits, if transmitted at all, would be entirely imperceptible in one 
generation. The horse, for example, has not yet completely lost the 
lateral toes which became useless at the end of the Upper Eocene period. 
This objection as to rate of evolution may be urged with equal force 
against the natural selection theory. It is obvious that the active pro- 
gressive principle in evolution (whatever it is), must contend with the 
enormous conservative power of inheritance, and this, to my mind, is 
one of the strongest arguments against the possibilities of the rise of 
adaptive organs by the selection of chance favorable variations in the 
germ plasm. 


Application to human evolution—Principles underlying these illus- 
trations may now be applied to some of the facts in human evolution 
brought out in the first lecture. They show that if functional tenden- 
cies are transmitted we can comprehend the distinct evolution history 
of each organ; the rise and fall of two organs side by side; the definite 
and purposive character of some anomalies; the increase of variability 
in the regions of most rapid evolution; the correlation of development 
balance, and degeneration in the separate organs of the shoulder, hand, 
and foot. 

Yet even granting this theory there still remain difficulties. The 
relation of use and disuse to some of the contemporary changes in the 
human backbone is rather obscure. I would hesitate to pronounce an 
opinion as to whether our present habits of life are tending to shorten 
the Jumbars, increase the spinal curvatures, and shift the pelvis with- 
out making an exhaustive study of human motion. Among the influ- 
ences which Dr. Lane has suggested* as operative here are the wear- 
ing of heeled shoes and the increase of the cranium. He considers the 
additional or sixth lumbar vertebra as a new element rather than as a 
reversion, and works out in some detail the mechanical effects of the 


* Journal of Anatomy and Physiology, 1888, p. 219. 
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presence of the fetus upon female respiration (i. ¢., in the sternal re-— 


gion) and upon the pelvis. Now, if it be true that the pelvis is larger 
in the higher races than in the lower, I do not think that Dr. Lane can 
sustain his point, because in the lower races the fetus is carried for an 
equally long period, during a much more active life, and in a more con- 
tinuously erect position. Therefore, if these mechanical principles 
were operating, the pelvis in the modern lower races should be larger 
than in the higher. On the other hand, the form of the female pelvis 
in the higher races is one of the best established selecting or eliminat- 
ing factors, a large pelvis favoring frequent births and the preserva- 
tion of those family stirps in which it occurs. I mention this to show 
how cautious we must be in jumping to conclusions as to kinetogenesis. 
The transformism in all the external features of the skull, jaws, and 
teeth may be attributed to inherited tendencies toward hypertrophy 
or atrophy; but how about the convolutions of the turbinal bones or 
the complex development of the semicircular canals and cochlea of 
the internal ear and the many centers of evolution which are beyond 
the influences of use and disuse? These are examples of structures 
which fortify Weismann’s contention, for if complex organs of this 
character can only be accounted for by natural selection, why consider 
selection inadequate to account for all the changes in the body? 


Difficulties in the natural-selection theory.-The answer, I think, is 
readily given: We do not know whether use and disuse are operating 
upon the mechanical construction of the ear; we do know that the 
organ can be rendered far more acute by exercise; but even if it were 
true that habit can exert no formative influence, the ear is one of those 
structures which since its first origin has been an important factor in 
survival and may therefore have been evolved by natural selection. 
Now, the very fact that selection may have to care for variations in 
such prime factors in survival as the ear, renders it the more difficult 
to conceive that it also is nursing the minutie of variation in remote, 
obscure, and uncorrelated organs. 

_ Even in the brief review of human evolution in the first lecture I 
have pointed out eight independent regions of evolution, upward of 
twenty developing organs, upward of thirty degenerating organs. 
A more exhaustive analysis would increase this list tenfold. Now, 
where chance variation should produce an increase in size in all the 
developing organs, and a decrease in size of all the degenerating 
organs, and an average size in all the static organs, we would have all 
the conditions favoring survival. But the chances are infinity to one 
against Such a combination oecurring unless the tendencies of variation 
are regulated and determined, as Lamarckians suppose, by the in- 
heritance of individual tendencies. But may not the favorable vari- 
ations in the body be grouped to either out-weigh or under-weigh the 
unfavorable variations? This would be possible if combinations ov- 
curred; but we can readily see that combinations, such as we observe 
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in the separate elements of the foot alone, completely neutralize each 
other so far as “‘survival” is concerned; how the foot would neutralize 
the hand, or the foot and hand would neutralize the lumbar region.* 

It is this consideration of single organs, the observation of their in- 
dependent history, the rise of new compound organs by steady growth 
from infinitesimal beginnings of their separate elements, the combined 
testimony of anatomy and paleontology which force us to regard the 
theory of evolution by the natural selection of chance variations as 
wholly untenable. With the utmost desire to regard the discussion in 
as fair a spirit as possible, the explanations offered by the adherents of 
Weismann’s doctrine strike me as strained, evasive, and illogical.t 

We can however by no means undervalue or dispense with natural 
selection, which must be in continuous operation upon every character 
of sufficient importance to weigh in the scale of survival. I need 
hardly remind you that this selecting principle was first discovered in 
1813 by Dr. W. C. Wells, of Charleston, in connection with the immu- 
nity from certain tropical diseases enjoyed by negroes and mulattoes.t 

The eliminating factor in selection is illustrated almost daily in cases 
of appendicitis. I regret I have not had time to ascertain whether or 
not this disease is considered due purely to accident or to congenital 
variation in the aperture of the appendix, which favors the admission 
of hard objects. If so, modern surgery is only benefiting the individual 
to the detriment of the race by its efficient preventive operations; and 
every individual who succumbs to this disease can reflect with melan- 
choly satisfaction that he does so pro bono publico. 


Conclusions as to the factors of evolution.—The conclusions we 
reach from the study of the muscular and skeletal systems are there- 
fore as follows: 1. That individual transformism in the body is the 
main determinant of variations in the germ cells, and is therefore the 
main cause of definite progressive or retrogressive variations in single 
organs. 2. Bhat evolution in these organs is hastened where all mem- 
bers of the race are subject to the same individual transformism. The 
contrast between the rate of individual transformism and race trans- 
formism is due to the strong conservative forces of the germ plasma. 
3. That evolution is most rapid where variations are of sufficient rank 
to become factors in survival. Then selection and use inheritance unite 
forces as active progressive principles opposing the conservative prin- 
ciple in the germ plasma. 4, That fortuitous and chance variations 
also arise from disturbances in the body or germ cells; they may be 
perpetuated, or disappear in succeeding generations. 


*T have expanded this idea fully in recent papers upon the theory of evolution of 
the horse. See “‘Are Acquired Variations Inherited?” American Naturalist, Fel- 
ruary, 1891. 

+See Weismann’s last essay, ‘‘Retrogressive Development,” in Nature, Biol, Mem., 


trans., in press. 
{See Introduction of Darwin's Origin of Species. 
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Applying these views to variation there should theoretically ap- 
pear to be just those two distinct classes of anomalies in the human 
body which we have seen actually occurring: First, those in the path 
of evolution, arising from perfectly normal changes in the somato-plasm 
and germ-plasm: second, those wholly unconnected with the course 
of evolution, arising fortuitously or from abnormal changes in the 
somato-plasm or germ-plasm; to this head may be attributed the whole 
seale of deformities. Thus tranformism and deformism should be 
kept distinct in our minds. Nevertheless the facts of deformism con- 
tribute the strongest body of evidence which we can muster at present 
to prove that there does exist a relation between the somato-plasm and 
germ-plasm which renders transformism possible. 


The relations between the somato-plasm and germ-plasm.—We have 
seen reasons to take a middle ground as to the distinct specific nature 
of the body cells and germ cells, and this position is, I think, strength- 
ened the more broadly we extend our inquiry into all the fields of pro- 
toplasmie activity. 

There are three questions before us. 

1. What is the evidence that the germ-plasm and somato-plasm are 
distinct? 

2. What is the specific nature of the germ-plasm? 

3. What is the nature of the relations which exist between the two? 

1. The separation of the germ-plasm is in the regular order of evolu- 
tion upon the principles of physiological division of labor. The unicel- 
lular organisms combine all the functions of life in a single massof pro- 
toplasm, that is,in one cell. In the rise of the multi-cellular organisms 
the various functions are distributed into groups of cells, which spe- 
cialize in the perfecting of a single function. Thus the reproductive 
cells fall into the natural order of histogenesis, and the theory of their 
entire separation is more consistent with the laws governing the other 
tissues than the theory which we find ourselves obliged to adopt, that 
while separate they are still united by some unknown threads with the 
other cells. 

The morphological separation of what we may call the race proto- 
plasm becomes more and more sharply defined in the ascending scale 
of organisms. Weismann’s contention as to the absolutely distinct 
specific nature of the germ-plasm and somato-plasm has however to 
meet the apparently insuperable difficulty that in many multi-cellular 
organisms, even of a high order, the potential capacity of repeating 
complex hereditary characters, and even of producing perfect germ 
cells, is widely distributed through the tissues. 

For example, cuttings from the leaves of the well-known hot-house 
plant, the begonia, or portions of the stems of the common willow tree, 
are capable of reproducing complete new individuals. This would in- 
dicate either that portions of the germ plasm are distributed through 
the tissus of these organisms, or that each body cell has retained its 
potential quota of hereditary characters. 
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Among the lower animals we find the same power; if we cut a hydra 
or bell animaleule into a dozen pieces, each may reproduce a perfect 
new individual. As we ascend in the animal scale the power is con- 
fined to the reproduction of a lost part in the process known as recres- 
cence. As you well know, in the group to which the frog and sala- 
mander belong, a limb or tail, or even a lower jaw, may be reproduced. 
The only logical interpretation of these phenomena is that the heredi- 
tary powers are distributed in the entire protoplasm of the organism, 
and the capacity of reproduction is not exhausted in the original for- 
mation of the limb, but is capable of being repeated. There has been 


_ considerable discussion of late as to the seat of this power of recrescence. 


It seems to me not impossible that in the vertebrates it may be stored 
in the germ cells, and it would be very interesting to ascertain experi- 
mentally whether removal of these cells would in any way limit or 
affect this power; we know that such removal in castration or ovari- 
otomy sometimes profoundly modifies the entire nature of the organ- 
ism, causing male characters to appear in the female, and female char- 
acters to develop in the male. 

So far as man is concerned it has been claimed by surgeons that 
genuine recrescence sometimes occurs; for example, that a new head is 
formed upon the femur after exsection; but my friend Dr. V. P. Gibney 
informs me that this is an exaggeration, that there is no tendency to 
reproduce a true head, but that a pseudo-head is formed, which may 
be explained upon the principle of regeneration and individual trans- 
formism by use of the limb. 

Pfliiger’s opinion is that recrescence does not indicate a storage of 
hereditary power, that there is no pre-existing germ of the member, 
but that the re-growth is due to the organizing and distributing power 
of the cells at the exposed surface, so that, as new formative matter 
arrives, it is built up gradually into the limb. This view would reduce 
re-crescence 40 the level of the regeneration process which unites two 
cut sections of the elements of a limb in their former order. [tis partly 
opposed to the facts above referred to, which seem to prove the dis- 
tribution of the hereditary power. Yet it seems to me quite consistent 
to consider these three processes—a, reproduction of a new individual 
from every part; ), recrescence of a new member from any part; ¢, re- 
generation of lost tissues—as three steps indicating the gradual, but 
not entire withdrawal of the reproductive power into the germ cells. 

I have not space to consider all the grounds which support the view 
of the separation of the germ cells in man. Some of the more promi- 
nent are: the very early differentiation of these cells in the embryo, 
observed with a few exceptions in all the lower orders of animals, and 
advancing so rapidly in the human female that several months before 
birth the number of primordial ova is estimated at seventy thousand, 
and is not believed to be increased after the age of two and a half 
years.. The most. patent practical proof is that we may remove every 
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portion of the body which is not essential to life and yet the power of 
complete reproduction of a new individual from the germ cells are un- 
impaired. Among the many reasons advanced for pensioning the 
crippled soldiers of our late war you never hear it urged that their 
children are incapacitated by inheritance of injuries. The strongest 
proof however rests in the evidence I have already cited from hered- 
ity of the extraordinary stability of the germ cells, which is the safe- 
guard of the race. 

2. The specific nature of the germ-plasm must be considered before 
we consider its relations. Wherein lies the conservative power of the 
germ-plasm, and in what direction shall we look for its transforming 
forces? You see at once that marvellous as is the growth of cells in 
other tissues, the growth of the germ cell is still more so. 

We find it utterly impossible to form any conception of the contents 
ot the microcosmice nucleus of the human fertilized ovum, which is less 
than one twenty-five-hundredths of an inch in diameter, but which is 
nevertheless capable of producing hundreds of thousands of cells like 
itself, as well as all the unlike cells of the adult organism, We can only 
translate our ideas as to the possible contents of this nucleus in the 
terms of chemistry and physics.* 

Spencer t assumed an order of molecules or units of protoplasm lower 
in degree than the visible cell units, to the internal or polar forces of 
which, and their modification by external agencies and inter-action, he 
ascribes the ultimate responsibility in reproduction, heredity, and 
adaptation. This idea of biological units seems to mean essential part 
of any theory; it is embodied in Darwin’s “ gemmules,” in Haeckel’s 
‘“nlastidules ;” yet, as Lankester says the rapid accumulation of bulk is a 
theoretical difficulty in the material conception of units. In the diree- 
tion of establishing some analogy between the repetition power of hered- 
ity and known function of protoplasm, Haeckelt and Hering§ have 
likened heredity to memory, and advanced the hypothesis of persist- 
ence of certain undulatory movements; the undulations being suscep- 
tible of change, and therefore of producing variability, while their ten- 
deney to persist in their established harmony is the basis of heredity. 
Berthold, Gautier, and Geddes|| have speculated in the elaboration of 
the idea of metabolisin; the former holding the view that “inheritance 
is possible only upon the basis of the fundamental fact that in the 
chemical processes of the organism the same substances and mixtures 
of substances are reproduced in quantity and quality with regular 
periodicity.” §] 


*See Ray Lankester, Nature, July 15, 1876. 

t Principles of Biology, vol. i., p. 256. 

{ Perigenesis dey Plastidule oder die Wellenzeugung der Lebenstheilchen. Jena, 1875. 

§ Ueber d. Gediichtniss als ein eallgemeine Function d. organischen Materie. Vienna, 
1870. 

|| See also Thomson, op. cit., p. 102. : 

qj Berthold: Studien tiber Protoplasma-Mechanik.  Leipsie, 1886. 
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I have merely touched upon these speculations to show that the un- 
known factors in heredity are also the unknown factors in operation in 
living matter. All we can study_is the external form, and conjecture 
that this form represents matter arranged in a certain way by forces 
peculiar to the organism. These forces are exhibited or patent in the 
somatic cells; they are potential or latent in the germ cells. 

The last stage of our inquiry is as to the mode in which the action of 
habit or environment upon the somatic cells can be brought to bear 
upon the germ cells. 


The nature of the relation between the body cells and germ cells.—I 
have already shown that we are forced to infer that such a relation 
exists- by the facts of evolution, although these facts show that the 
transmission of normal tendencies from the body to the germ cells is 
ordinarily an extremely slow process. 

Virchow* says every variation in race character is to be traced back 
to the pathological condition of the originator. All that is pathologi- 
cal is not diseased, and inheritance of a variation is not from the influ- 
ence upon one individual necessarily, but upon a row of individuals. 
This is in the normal condition of things. In the abnormal condition 
the rate of transmission may be accelerated. 

Does this transmission depend upon an interchange of material par- 
ticles, or upon an interchange of forces, or both? 

There are three phenomena about which there is much skepticism, to 
say the least, which bear upon the question of a possible interchange 
of forces between the body and the germ-cells. .These are the inherit- 
ance of mutilations, the influence of previous fertilization, and the in- 
fluence of maternal impressions. They are all in the quasi-scientitic¢ 
realm, which embraces such mental phenomenaas telepathy. That is, 
we incline to deny them simply because we can not explain them. 

Mutilatiohs.—Since the publication of Weismann’s essays the sub- 
ject of inherited mutilations has attracted renewed interest. f would 
first call attention to the fact that this matter has only an indirect bear- 
ing, for a mutilation is something impressed upon the organism from 
without; it is not truly “acquired;” the loss of a part by accident pro- 
duces a sudden but a less profound internal modification of the organism 
than the loss of a part by degeneration. Most of the results are nega- 
tive; many of the so-called “certain” cases prove upon investigation 
to be mere coincidences. Weisinannt himself experimented upon white - 
mice, and showed that 901 young were produced by five generations of 
artificially mutilated parents, and yet there was not a single example of 
arudimentary tail or of any other abnormality in this organ. The cases 
of cleft ear lobule have recently been summed up.ft Israel reports two 
cases of clefts in which the parent's ears were normal. Schmidt and 


* «Ueber den Transformismus, 2 Archiv f. Anthr opologic, 1888, pel: 


t Biological Memos, p. 432. 
t Journal of Anatomy and Physiology, 1891, p. 433. 


352 PRESENT PROBLEMS IN EVOLUTION AND HEREDITY. 


Ornstein report affirmative cases. His shows that an affirmative case, 
cited by V. Zwieciki, is merely an inherited peculiarity. The entire 
evidence is unsatisfactory, and upon the whole, is decidedly negative. 

Not so however in cases where the mutilation results in a general 
disturbance of the normal functions of different organs, as in the ex- 
periments conducted by Brown-Séquard* upon guinea-pigs, in which 
we see “acquired variation” intensified. In these, abnormal degener- 
ation of the toes, muscular atrophy of the thigh, epilepsy, exophthal- 
inia, ete., appeared in the descendants of animals in which the spinal 
cord or sciatic nerve had been severed, or portions of the brain removed. 
It was also shown that the female is more apt to transmit morbid states 
than the male; that the inheritance of these injuries may pass over 
one generation and re-appear in the second; that the transmission by 
heredity of these pathological results may continue for five or six gen- 
erations, when the normal structure of the organs re-appears. These 
cases, which are incontestable, at first sight appear to establish firmly 
the transmission of acquired characters; they were so regarded by 
Brown-Séquard. These lesions act directly upon the organs, and the 
abnormal growth of these organs appears to be transmitted. But can 
they not be interpreted in another way, namely, that the pathological 
condition of the nerve centers has induced a direct disturbance in those 
portions of the germ cells which represent and will develop into the 
corresponding orgaus of the future offspring? 

Previous fertilization.—Consider next the influence exerted upon 
the female germ cell by the mere proximity of the male germ cell, as 
exhibited in the transmission of the characteristics of one sire to the 
offspring of a succeeding sire, observed in animals, including the 
human species, also in plants. The best example is the oft-quoted 
case of Lord Morton’s mare, which reproduced in the foal of a pure 
Arab sire the zebra markings of a previous quagga sire. 

Some physiologistst have attempted to account for these remark- 
able indirect results from the previous fertilization or impregnation, 
by the imagination of the mother having been strongly affected, or 
from interchange between the freely inter-communiecating circulation 
of the embryo and mother, but the analogy from the action in plants 
(in which there is no gestation but early detachment and development 
of the fertilized cells) strongly supports the belief that the proximity 
of male germ cells acts directly upon the female cells in the ovary. 
All that we can deduce from these facts is that in some manner the 
normal characteristics and tendencies of the ova are modified by the 
foreign male germ cells without either contact or fertilization. 


Maternal pnp ree influence of maternal impressions in the 


is Comgptes- Pandas, Magen 13, 1882, These exneni anit have aes contre’. ne 
Obersteiner. 

t See the cases cited by Ribot, and Darwin:..Animats and Plants Under Domestica- 
lion, vol. I, p. 437. 


ry === ss” * 


r 
pe PRESENT PROBLEMS IN EVOLUTION AND HEREDITY. 353 
causation of definite anomalies in the foetus is largely a matter of in- 
dividual opinion - 

It is denied by some high authorities, led by Bergman and Leuck- 
hart.* Most practitioners, however, believe in it, and I need hardly 
add that it is a universal, popular belief,t supported by numerous 
cases. I myself am a firm believer in it. The bearing which the sub- 
ject has upon this discussion is this: If a deviation in the develap- 
ment of a child is produced by maternal impression, we have a proof 
that a deviation from normal hereditary tendencies can be produced 
without either direct vascular or nervous continuity. 

We see an analogy between the experiments of Brown-Séquard, the 
influence of the previous sire, and the maternal influence. Neither, in 
my opinion, directly supports the theory of transmission of acquired 
characters, for they do not prove that normal changes in the body cells 
directly react upon the germ cells; they all show that the typical 
hereditary development of single organs may be diverted by living 
forces which have no direct connection with them according to our 
present knowledge. 

What the nature of these forces is I will not undertake to say, but 
I believe we must adinit the existence of some unknown force, or rather 
of some unknown relations between the body cells and germ cells. 

A year ago, recognizing fully the difficulty of advancing any theory 
of heredity which would explain the transmission of acquired characters, 
I came to the following result: ‘It followsas an unprejudiced conclusion 
from our present evidence that upon Weismann’s principle we can 
explain inheritance but not evolution, while with Lamarck’s principle 
and Darwin’s selection principle we can explain evolution, but not, at 
present, inheritance. Disprove Lamarck’s principle and we must assume 
that there is some third factor in evolution of which we are now 
ignorant.” 

In this Gonnection it is interesting to quote again from my colleague, 
Prof. E. B. Wilson. He writes that the tendency in Germany at 
present is to turn from speculation to empiricism, and this is due 
partly “to the feeling that the recent wonderful advances in our 
knowledge of cell phenomena have enormously increased the difficulties 
of a purely mechanico-physical explanation of vital phenomena. In 
fact, it seems that the tendency is to turn back in the direction of the 
vital-force conception. - - - As Boveri said to me recently, “Es 
gibt zu viel vorstand in der Natur um eine rein mechanische Erklarung 
der Sache zu ermoéglichen.” 

In the final lecture we turn to the forces exhibited in the germ cells. 


*Handerworterbuch der Physiologie, Wagner, Artikel ‘‘ Zeugung,” Leuckhart. 
+See Vedical Record, October 31, 1891, an article by Joseph Drzewiecki, M. b. 
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According to the general law* the germ cell was considered as 
matter potentially alive and having within itself the tendeney to as- 
sume a definite living form in course of individual development. The 
nucleus must be extraordinarily complex, for it contains within itself 
not only the tendencies of the present type, but of past types far 
distant. The supposition of a vast number of germs of structure is 
required by the phenomena of heredity; Nigeli has demonstrated that 
even in so minute a space as one oue-thousandth cubie millimeter, 
400,000,000 micelle must be present. 

The study of heredity will ultimately center around the structure and 
functions of the germ cells. The precise researches of Galton show 
that the external facts of heredity, questions of average and of proba- 
bilities, of paternal and maternal contributions to the offsprings, are 
capable of being reduced to an exact science In which mathematical 
caleulations will enable us to forecast the characteristics of the coming 
generation. 

There will still remain however a large residuum of facts whieh will 
present themselves to a mathematician like Galton, as fortuitous, or in- 
exact, such as the physiological conditions of reversion; the course of 
pre-potency, by which the maternal or the paternal characteristies pre- 
vail in parts or in the entire structure of the offspring; the material, 
basis of latent heritage upon which reversion depends, and which com- 
pels us to hypothecate either an unused hereditary substance or a return 
to an older disposition of the forces in this substance; the nature and 
determination of sex. These apparently chance phenomena must also 
be due to certain fixed laws, and by far the most promising routes to 
discovery have already been taken by Van Beneden, the Hertwig 
brothers, Boveri, Maupas, and others. 

They have attacked the problem of the relation of the germ cells to 
the heredity on every side, and by the most ingenious and novel meth- 
ods, which are familiar enough in various branches of gross anatomical 
and physiological research, but seem almost out of the limits of applica- 
tion to minute microscopic objects. For example, the Hertwig brothers 
have ascertained the influence of various solutions of morphine and 
other drugs of the alcohols, and of the various degrees of temperature 
upon the ovum and spermatozoon during the conjugation period, with 
results which are highly suggestive of the causes of congenital mal- 
formations, anomalies, and double births. The Hertwigs and Boveri 
have succeeded in robbing ova of their nuclei and watching the results 
of the subsequent entrance of spermatozoa. In order to further test 
the relations of the nucleus to the remainder of the cell, Verworn has 
experimented along the same line with extirpations of every kind from 
the single cells of Infusoria. Of equal novelty are the recent studies of 


*See Huxley, Article ‘ Evolution,” Ene, Britannica, vol. vu, p. 746, 
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Maupas upon the multiplication and conjugation of the Infusoria, giy- 
ing us ahost of newideas as to the cycle of life, the meaning of sex, 
and the origin of the sexual relation. 

In all this research and in the future outlook there are two main 
questions: 

1, What is the hereditary substance? What is the material basis of 
heredity, which spreads from the fertilized ovums to every cell in the 
body, conveying its ancestral characteristics? Is there any substance 
corresponding to the hypothetical idioplasm of Nigeli? 

2. What are its regulating and distributing forces? How is the he- 
reditary substance divided and distributed? How far is it active or 
passive? 

I may say at the outset that the idioplasm of Nageli, a purely ideal 
element of protoplasm which he conceived of as permeating all the tis- 
sues of the body as the vehicle of heredity, has been apparently mate- 
rialized in the chromatin or highly coloring materials in the center of 
the nucleus. This rests upon the demonstration by Van Beneden and 
others that chromatin is found not only in all active cells, but is a con- 
spicnous element in both the ovum and spermatozoon during all the 
phenomena attending conjugation. 


Fic. 7.—TYPICAL CELL DIVISION, SHOWING THE DISTRIBUTION OF CHROMATIN.—(From Parker after 
Carnoy.) A-C, arrangement of the chromatin in threads; D-E, formation of the chromatin rods 
and loops; F, splitting of the loops; G-H, retraction of the chromatin into the two daughter cells. 

Secondly, that while the chromatin is apparently passive, it is played 
upon by forces resident in the clear surrounding protoplasm of the 
nucleus, but chiefly by the extra nuclear archoplasm, which seems to 
constitute the dynamic and mechanical factor in each cell. This, un- 
like the chromatin, only comes into view when there is unusual activ- 
ity, as during cell-division, and is not evident (with our present histo- 
logical technique, at least), when the cell is arrested by reagents in 
any of the ordinary stages of metabolism. ; 


The distribution of hereditary substance.—I may first review some 
of the well-known phenomena attending the distribution of the chro- 
matin substance to the tissues. 
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T have borrowed from Parker, figures by Carnoy, to illustrate the rest 
ing and active stages of the cell, and from Watase, 2 Japanese stadent 
of Clark University, figures representing the high differentiation ef 
the cell contents during division (Figs $9). They bring out the active 
and passive elements of the typical cell. 

The phenomena of Karyokinesis which attend the divisien and dis- 
tribution ef the hereditary substance throughout the whole course af 
embryonic and sdult development are well ilustrated in Carney’ Be 
ures (Pig. 7). First we have the quiescent period, in which the chre- 
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matin presents the appearance ef a coiled. tangled thread: surround. 
ing this Is the clear nueleo-plasm (or achromatin) beunded by the nw 
elear memOrane: the extra-nuclear substance, er eyteplanm, is appar 
utly undifferentiated. As won as cell divisien sets im, however, ra- 
diating limes 2re seen in the eyte-plasm above and below the nacleas: 
these are called the archo-plasmic filaments by Boveri, Suce they pre 


ceed Irom what is now believed te be the dymamie element. the arche- 
plasm (Fig. 5). As the activity becomes mere intense the filaments are 
seen to diverge irom 2 center—the arche plaanic ceutresome—whirch lies 
jast without the nucleus at either pole; this radial display of cell 
forces suggested the term -asters” to Fol, and “spheres attractive” te 
Van Beneden. The behavior of the chromatin, er hereditary substance, 
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under these archo-plasmic forces, is beautifully shown in Carnoy’s dia- 
grams (Fig. 7). First, the nuclear wall breaks up, then the chromatin 
coil unfolds into lines of vertical striation which become thread-like, 
hence the term mitosis, and then more compact, until finally a number 
of distinct vertical rods, chromatin rods, or chromasomes are found. 

A remarkable and significant fact may be noted here, that the num- 
ber of chromasomes varies in the cells of different species, and even 
in the cells of different varieties (as in the thread-worm of the horse— 
Ascaris megalocephala), but is coustant in all the cells of the same va- 
riety through all stages; thus the same number of chromasomes ap- 
pear in the first segmentation of the fertilized ovum as in the subse- 
quent cell division in the tissues. r. 

Carnoy next indicates the vertical splitting of each rod into a loop 
or link preceding the horizontal splitting: thus we may conceive of a 
thorough re-distribution of the chromatin before it passes into the 
daughter-cells. , The split Joops are each retracted toward a centro- 
some, suggesting to some authors a contractile power in the archo-plas- 
mic filaments, each chromasome being apparently withdrawn by a 
single filament. But as the chromasomes separate. the filaments also 
appear between them, and are variously termed ‘“interzonal,” “‘verbin- 
dungs faiden,” *‘filaments réunissant;” there is therefore some differ- 
ence of opinion 4s to what the mechanics of the chromasome divisions 
really are. The chromatin is now retracted into two coiled threads, 
each the center of the daughter nucleus with a single centrosome be- 
side it. But as the line of cleavage is drawn between tle two cells 
(Fig. 9), the single centrosome in each cell divides so that each 
daughter-cell is now complete with its chromatin coil and two archo- 
plasmic centrosomes. This process has been beautifully described by 
Watase.* 

It thus appears that both the chromatin and archo-plasm are perma- 
nent elenrénts of the cell, such as we formerly considered the nucleus; 
the apparently passive chromatin is divided with great precision by the 
active archo-plasm, then the archo-plasm simply splits in two to resume 
the cleavage function. 


Fertilization—the union of hereditary substances.—Before looking at 
the host of questions which fertilization suggests. let us review a few 
of the well-known phenomena preparatory to the union of the germ 
cells in order to give greater emphasis to the importance of recent dis- 
coveries, 

First, the ovum is a single cell, the typical structure of which, with 
its nucleus and cytoplasm, is generally obscured by a quantity ef food- 
material, surrounded by arather dense cell wall, The ovum is said to 
be ripened or “matured” for the reception of the spermatozoon, by the 
extrusion of two small “polar bedies,” containing both chromatin and 


*See Marine Biological Laboratory Lectures, 1889, Boston: Ginn & Co. 


358 PRESENT PROBLEMS IN EVOLUTION AND HEREDITY. 


hyaline protoplasm, and separating off by karyokinetic division. After 
maturation is complete, a single spermatozodn normally penetrates; 
then a reaction immediately sets in in the cell wall of the ovum which 
prevents other spermatozoa from entering. The head of the spermato- 
zoon and the nucleus of the ovum now fuse together to form a single 
nucleus, which itis obvious contains the hereditary substance of two 
individuals. This is the starting point of the segmentation or distri- 
bution process above described, and it follows that the fertilized ovum 
at this stage must contain its typical complement of chromatin, archo- 
plasm, ete., for the whole course of growth to the adult, 

How shall we connect these phenomena of fertilization with the 
facts of heredity? The most suggestive enigma in connection with 
the fertilization process has been the meaning of the tiweo polar bodies, 
especially since Van Beneden demonstrated that they contaimed chro- 
matin? For twenty-five years, speculation has been rife as to why the 
ovum should extrude a portion of its substance in two small cells; why 
not in one cell? why not in a larger number? Thanks to the intense 
curiosity which these polar bodies have aroused, and to the great va- 
riety of explanations which have been offered for them, we have ar- 
rived to-day at a solution which links the higher animals with the 
lower, breaks down the supposed barrier between the sexes, and ac- 
cords with the main external facts ef heredity. 

It seems to me best to disregard the order of discovery, and to state 
the facts in the most direct way. First, a few words as to the speeu- 
lations upon the meaning of the polar bodies. 

The early views of fertilization* were naturally based upon the ap- 
parent significance of this process in the human species, in which the 
sexes are sharply distinguished from each other in their entire strue- 
ture, and the reproductive cells are also widely differentiated in form, 
the ovum large and passive, the spermatozoon small and active. The 
readiest induction was to regard these elements as representing dis- 
tinct physiological principles, corresponding to the essential sexual 
characteristies—in short, as male and female cells, the former vitalizing 
and rejuvenating the latter. Thus one of the earliest definite “polar- 
body” theories was that the ovum was hermaphrodite, containing both 
male and female principles, and that it was necessary to get rid of the 
male substance before the spermatozoon could enter. 

As Von Siebold and Leuckart had demonstrated that some ova re- 
produce parthenogenetically, that is without fertilization by spermato- 
zoa, Weismann turned to such forms for the solution of this problem, 
and was surprised to find that parthenogetic ova only extrude one 
polar body. Thisled him to attach one meaning to the first polar body, 
and another meaning to the second, which he viewed as designed to 
reduce the heredity substance in the ovum without regard to sex. 
Thus both this and the older theory conveyed alike the idea of reduc- 


See also the ante odue tion of Weismann’s lie essay, tea pabinisia. 2 
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_ ston, bat with an eutirely different supposition as to the nature of the 
_ material reduced or eliminated. 

Maupas on Conjugation among the Infusoria.*—Among the newer 
researches which throw light upon this old problem, those of Maupas 
are certainly the most brilliant. After a most exact and arduous re- 
search, extending over several years. he collected his results in two 
memoirs, published in 1889 and 1590. 

3 His experiments were first directed upon the laws of direct maulti- 
plication by fission, which revealed a complete cycle of life in the single- 

celled Infusoria and showed that after a long period this mode of 
1 reproduction becomes less vigorous, then declines, and finally ceases 
5 altogether unless the stock is rejuvenated by conjugation of individ- 
4 nals from different broods. In other words, these broods of minute 
| organisms grow old and die unless they are enabled to fertilize each 
‘other by an exchange of hereditary substance altogether analagous to 
| that observed in the higher multicellular organisms. 

The cultures were made in a drop of water upon a slide, and feeding 
was adapted either to the herbivorous or carnivorous habits of the 
species. Under these conditions it was found that the rate of fission 
or direct multiplication varied directiy with the temperature and food, 
risiug in some species (Glaucoma scintillans) to five bipartitions daily. 
With the optimum of conditions this rate, if sustained for thirty-eight 
days, would produce from a single individual a mass of protoplasm 
equivalent to the volume of the sun. This rate is however found to 
be steady for a time, and then the offspring decline into “senescence,” 
in which they appear at times only one-fourth the original size, with 
reduced buccal wreaths and degenerate nuclear apparatus. This is 
reached sooner in some species than in others; Styloniciia pustulata 
survives three hundred and sixteen generations or fissions, while Leu- 
cophrys patula persists to six hundred and sixty generations. Finally, 
even undtr the most favorable conditions of environment, death ensues. 

Not so where conjugation is brought about by mingling the offspring 
of different broods in the same fluid, as in the natural state. Maupas 
soon discovered that exhaustion of food would induce conjunction be- 
tween members of mixed broods. He thus could watch every feature 
of the conjugation process, and determine all the phases in the cycle of 
life. These differed, as in the longevity of the species. In Stylonichia, 
for example, “ immaturity” extended over the first one hundred bipar- 
titions: “puberty.” or the earliest phase favorable to conjugation, set 
in with the one hundred and thirtieth bipartition: “engamy,” or the 
most favorable conjugation phase, extended to the oue hundred and 
seventieth; then “‘ senescence” set in, characterized by a sexual hyper- 
esthesia in which conjugation was void of result or rejuvenesence, 
owing apparently to the destruction of the essential] nuclear apparatus. 


* Sur la multiplication des Infasoires Ciliés, Archir. de Zodlogic experimentata, Ser. 
2, vol. VL, pp- 165-273; Le Rajeunissement Karyogamique ches les Ciliés, vol. VU, pp. 
U49-517. See also Hartog, Quart. Jour. Microscop. Science, December, 1891. 
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Conjugation begins with the approach of two individuals, and adhe- 
sion by their oral surfaces. There is no fusion, but an immediate trans- 
formation in the cell contents of each individual sets in, concluding 
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Fig. 10.—THE CONJUGATION OF JINFUSORIA. 


with an interchange of nuclear substance. In each cell Maupas dis- 
tinguishes between the (M) mcganucleus (Fig. 10, the macronucleus, 
nucleus, endoplast of authors), which presides over nutrition and 
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growth and divides by constriction, and the (m) micronucleus (paranu- 
cleus, nucleolus, of authors), which presides over the preservation of 
the species. The latter contains chromatin; it is the seat of rejuve- 
nescence, the basis of heredity, it divides by mitosis, showing all the 
typical stages of karyokinesis excepting the loss of the cell membrane. 

The transformation in each of these copulating cells first affects the 
centers of hereditary substance, viz, the micro-nuclei; they divide three 
times; thus the micronuclear substance is reduced to one-fourth of its 
original bulk. It is contained in two surviving micronuclei (the others 
being absorbed or eliminated). one of which migrates into the adjoin- 
ing cell; the other remains stationary. This migration is followed bya 
fusion of the migrant and stationary micronuclei; this fusion effects a 
complete interchange of hereditary substance, after which the two in- 
fusoria separate and enter upon a new life cycle. Meanwhile the me- 
ganucleus breaks up and is reconstituted in each fertilized cell. 

Maupas gathers from these interesting phenomena additional proof 
that the chromatin of all cells bears the inherited characteristics and 
that the cyto-plasm and nucleo-plasm, or achromatin, is the dynamic 
agent, because the micronuclei bearing the chromatin are the only struct- 
ures which are permanent and persistent, all the other structures— 
nucleo-plasm, archo-plasm, etc.—being replaced and renewed. ‘The re- 
duction of the chromatin is purely quantitative, the eliminated and fer- 
tilizing micronuclei being exactly equivalent; after the chromatin has 
been quartered the cell becomes incapable of further activity until it is 
reinforced by chromatin from the copulating cell. 


No distinction between the sexes in heredity.—The three laws 
which underlie these phenomena are: (1) That fertilization consists in 
the union of the hereditary substance of two individuals. (2) That 
before the union the hereditary substance in each is greatly reduced. 
(3) That there is no line between male and female, the conjugating cells 
are simply in a similar physiological condition wherein a mingling of 
hereditary characteristics affords a new lease of life. As Maupas says: 

‘Les différences appelées sexuelles portent sur des faits et des 
phénoménes purement accessoires de la fécondation. La fécondation 
consiste uniquement dans la réunion et la copulation de deux noyaux 
semblables et équivalents, mais provenus de deux cellules (distinctes.” 

In this conclusion as to the secondary and superficial, rather than 
fundamental, difference between the two sexes, Maupas simply con- 
firms the views of Strassburger, the botanist, Hensen, Rk. and O. Hert- 
wig, Weismann, and others, namely, that sex has evolved from the 
necessity of cell conjugation; that even in the higher forms the cells 
born by the two sexes are absolutely neutral so far as sex is concerned, 
the wide difference of form of the germ cells is a result of physiological 
division of labor—the mass and yolk of the ovum having been differ- 
entiated to support the early stages of development while the sperma- 
tozoon has dispensed with all these accessories and acquired an active 
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vibratile form for its function of reaching and penetrating the ovum. 
The evidence of the Infusoria is paralleled among some of the plants, 
in which conjugation between entirely similar cells is observed. 

The causes finally determining sex may come surprisingly late in 
development, and according to the investigations of Diising and the 
experiments of Yung* and of Giron are directly related to nutrition. 
High feeding favors an increase of the percentage of females, while, 
conversely, low feeding increases the males. In Yung’s experiments 
with tadpoles the following results were obtained: 


Females. | Males. 
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Geddes expresses this principle in physiological terms of metabolism, 
that anabolic (constructive) conditions produce females, while katabolic 
(destructive) conditions produce males. 

I think we may now safely eliminate the factor of sex from our cal- 
culations upon the problem of heredity, and thus rid ourselves of one 
of the oldest and most widespread fallacies. We shall thus, in using 
the terms “paternal” and ‘‘maternal” imply merely the distinction 
between two lines of family descent. 


The theory of reduction.—This leads us back to the significance of 
the polar bodies. Wan Beneden’s discovery that these bodies con- 
tained chromatin led gradually to the view that they were not frag- 
ments of the ova, but represented minute, morphologically complete 
cells. Biitschli showed that they were given off independently of, and 
prior to, the contact of the spermatozoon, and, finding in the leeches 
that the first polar body subdivides to form two bodies, he considered 
them as formed by true cell division, and containing both nucleoplasm 
and chromatin, Giard independently reached a similar opinion, as- 
Signing an atavistic meaning to the polar cells. Whitman, in 1878, 
advanced the idea that they represented vestiges of the primitive 
mode of reproduction by fission, while Mark deseribed them as “abor- 
tive ova.” 

At this point speculation subsided until it was revived by Weis- 
mamvs attempt to connect these bodies with his theory of heredity,t 
already referred to. The whole history is clearly given in R. Tere 
wig’s masterly memoir upon Ovo and Spermatogenesis in the Nema- 
todes.t Taking advantage of Boveri’s discoveries in Staining tech- 


“See Geddes and Thomson: The vohuiian: of Sex, 1891; Pelee. Dane one Regu- 


lierung des Geschlechtsyerhiiltnisses bei ad. V Senet der Menschen, Tiere und 
Pflanzen, Jen. Zeit. f. Natur., Bd. 17, 1884. 

+On the Number of Polar Bodies and their Significance in Heredity, 1887. 

t Ei und Samenbildung bei Nematoden, drehiv. f, Mikr, Anat., Bd. 26, 1890 
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_ hiique, and stimulated by Weismann’s prediction that spermatozoa 


would also be found to extrude polar bodies, this author examined all 
stages in the peculiarly favorable germ cells of the thread-worm of the 
horse (Ascaris megalocephala). 

He made the surprising discovery that ova and spermatozoa are 
formed in a substantially similar manner by repeated divisions, the 
single difference being that the last products of division among the 
sperm cells are efiective spermatozoa, capable of development in fer- 
tilization, while the last products of division in the ovary are, first 


THE MATURATION OF OVA. OR FORMATION OF POLAR Bopigzs IN ASCARIS. (From Weismann afte 
Hertzwig.) A, original germ-cell in embryonic germ-layer—4 chromatin rods; B, Ovum mother-cell— 
8 rods; C-D, First polar body extruded; E, Splitting of first polar body. Ovium still contains 4 rods: 
¥, Second polar body extruded; Ovium mature with 2 rods. 
the true ova, and, second, the abortive ova (polar cells), incapable of 
development. In both ova and spermatozoa the nucleus contains but 
ene-half the chromatin which a typical nucleus contains; in the case 
of A. megalocephala each of the germ cells contains but two chroma 
somes while the normal body cells contain four. The manner in which 
this maturation of the germ cells for conjugation is brought about is 
beautifully shown in these diagrams, taken from Weismann’s essay, 
“ Amphimixis.” You observe that the number of chromasomes in the 
primary germ cells is four (Figs. 11 and 12, A). Then are formed by 
subdivision the ovum and sperm “mother cells,” in which the chro- 
matin substance is doubled, so that we observe cight chromasomes 
The mother cells then divide and the chromatin is reduced to four 
rods, a second division rapidly follows whereby the chromatin is reduced 
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to two rods, or half the original quantity. These last divisions take 
place by karyokinesis, but, as Hertwig points out, they difter from 
typical karyokinesis in the fact that the divisions follow so rapidly 
upon each other that the vesicular resting period of the nucleus is 
omitted. Thus, he suggests, is prevented an overaccumulation of 
chromatin substance prior to the fusion of the ovum and sperm. 
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SPERMATOGENESIS IN ASCARIS.—(From Weismann after Hertwig.) A, original germ cell—4 chro- 
matin rods; B, sperm mother cell—8 rods; C-D, first daughter cells with 4 rods each; E-F, forma- 
tion of second daughter cells, or mature spermatozoa, with 2 rods each. 

It is evident that the polar cells are rudimentary ova, which do not 
possess the yolk mass, ete., essential to development, and are dividea 
off at a very late stage, sometimes after the egg has left the ovary, 
but are in other respects analogous to the spermatozoa. The reason 
these polar-cells have not disappeared altogether in either plants or 
animals is that they originally possessed a deep physiological impor- 
tance. As the first polar cell subdivides and forms two, it follows that 
from both ovum and sperm mother cells four daughter cells are formed, 
each containing half the chromatin substance of a normal nucleus. In 
the ovary three of these daughter cells abort and the fourth forms < 
true ovum; in the sperm gland, however, all four daughter cells form 
spermatozoa. 

We may thus consider the polar-cell problem as in all probability set- 
tled; the whole process is probably an inheritance or survival of a 
primitive condition in which all four ova, like the four spermatozoa, 
were fully functional. 


The relation between the chromatin and heredity—We have just 
seen that the last stages in the preparation of the ova and spermato- 
zoa for conjugation result in halving the number of rods in the original 
germ cells. Now, as Hertwig and Weismann point out, one point is 
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still left in doubt. Why is the chromatin substance doubled in the 
mother-cells so that two successive sub-divisions are necessary to reduce 
it to half the original quantity? Hertwig has not attempted to answer 
this question, as he prefers to wait for further research. Weismann, 
however, who is unfortunately cut off from research by failing eyesight, 
has oreaeet a speculative solution to this problem which he trusts may 
guide future investigation. 

This leads me to say a few words in regard to his conception of the 
relation ofthe chromatin to heredity. (1) His first premise is that in fer- 
tilization there is nota fusion of chromatin, but that a certain independ- 
ence is preserved between the maternal and paternal elements, based 
upon the observed fact that the two pairs of rods do not fuse but lie side 
by side, and upon the assumption that these pairs are kept distinct in 
each cell through all the subsequent stages of embryonic and adult devel- 
opment. If this is the case, the hereditary substance contributed by the 
father would remain separate from that contributed by the mother, 
throughout. (2) ‘* Each of these pairs would be made up of the col- 
lective predispositions which are indispensable for the building up of 
an individual, but each possesses an individual character, for they are 
not entirely alike. Ihave called such units ‘ancestral ee and 
I conceive that they are contained in numbers in the chromatin of the 
mature germ cells of living organisms, also that the older nuclear rods 
are made up of a certain memos of these. - - - Obviously these 
units can not become infinitely minute; however small they may be 
they must always retain a certain size. This follows from the extremely 
complicated structure which we inust without any doubt ascribe to 
them.” These units are not, however, ultimate, they are in turn ex- 
tremely complex, and are composed of countless biological units of the 
kind conceived of by Niigeli and others. (3) The reduction of the chro- 
matin only acquires a meaning when taken in connection with the 
above supposition of distinct ancestral plasms, and has no meaning 
if we accept Hertwig’s view that there is a complete fusion of ma- 
ternal and paternal germ plasm. This meaning is that reduction in 
the maturation of germ cells is sui generis, it does not divide the ances- 
tial plasms into two similar groups, but one dartghter-cell receives one 
set of germ plasms or hereditary predispositions, and another daughter 
cell receives another; reduction is thus differential. According to this 
view the four sperm and ovum daughter-cells would each contain a 
different set of ancestral plasms. (4) The fact that the chromatin sub- 
stance is doubled in the sperm and ovum mother-cells, so that we ob- 
serve double the number of rods characteristic of the species, is to be 
explained as an adaptation to the requirements of natural selection, 
for this doubling and subsequent double division render possible an 
infinite number of combinations (as many, in fact, as there are individ- 
uals) for selection to operate upon. 

This explanation of Weismann’s is an example of his apotheosis of 
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the theory of natural selection. Every process is made to suit this 
theory, which, as we have seen in the first and second lectures, is, in 
his opinion, the exclusive factor of evolution. But this very high de- 
gree of mingling and re-mingling of ancestral pre-dispositions would be 
fatal to evolution, for after a combination favorable to survival had 
been established in one generation it would be broken up into a new 
combination, perhaps unfavorable, to survival, in the next generation. 
This entire essay upon ‘“‘Amphimixis,” or the theory of mingling of re- 
duced hereditary substance, will, I believe, mark a turning point to 
decline in Weismann’s influence as a biologist. His whole reasoning 
is now in a circle around the natural selection theory. 


The meaning of conjugation.—Weismann looks upon sexual repro- 


duction as designed to mingle hereditary tendencies and to create in- 


dividual differences whereby natural selection may form new species. 
It is evident that these combinations must be mainly fortuitous and 
productive of indefinite variation; but we have seen that evolution 
advances largely by the accumulation of definite variations, or those in 
which each successive generation exhibits the same tendenciés to de- 
part from the typical ancestral form in certain parts of the body, and 
that these tendencies stand out in relief among the diffused kaleido- 
scopic or fortuitous anomalies. 

The fact moreover that variability and evolution by the accumula- 


tion of certain variations in successive generations is also observed 


in organizisms which reproduce asexually, both among plants and 
animals, shows that we inust look in another direction for the under- 
lying cause or purpose of sexual reproduction. Weismann rightly com- 
bats the old idea of “ vitalization” of the ovum by the spermatozoon, 
and it is perfectly evident from the researches of Maupas and Hertwig 
that the ovum may as accurately be said to vitalize the spermatozoon 
as the reverse. Fecundation is simply the approximation of two 
hereditary substances of distinct origin and their incorporation into a 
single nucleus, The action and re-action of these substances may be 
considered equal and mutual, so far as we now know. 

The remarkably ingenious experiments of Hertwig and Boveri, above 
alluded to, strengthen this idea. Some years ago Weismann wrote: 
“Tf it were possible to introduce the female pronucleus of an egg into 
another egg of the same species, immediately after the transformation 
of the nucleus of the latter into the female pronucleus, it is very prob- 
able that the two nuclei would conjugate just as if a fertilizing sperm 
nucleus had penetrated. If this were so, the direct proof that egg 
nucleus aud sperm nucleus are identical would be furnished.” Boveri 
succeeded in accomplishing a similar feat by depriving an ovum of its 
nucleus and subsequently causing it to develop by admitting a sperma- 
tozoan which fertilized the denucleated ovum and produced a complete 
individual. 


In opposing the vitalizing properties of the sperm, Weismann how- 
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ever went further, and advocated the view that there is nothing in the 
nature of vitalization or “rejuvenescence” in conjugation—that, given 
proper environment, protoplasm is immortal, and runs upon a course 
of undiminished activity. This we have seen is not the case in the in- 
fusoria, and, as recently remarked by Hartog, there is only one class 
of organisms which, according to our present knowledge, are com- 
pletely agamous and immortal—namely, the Monadina. It may in 
future appear that even in the monads there is a cycle for the develop- 
ment in which conjugation plays its part. 

Maupas’ experiments seem to establish the primitive, and therefore 
the true, interpretation of the purpose of conjugation as well as of sex, 
the latter being a consequence of the former, namely, that after a long 
period of direct subdivision of hereditary material from a single in- 
dividual, a limit is reached beyond which the forces of heredity are 
not reproduced in their original intensity unless combined with another 
set of similar forces of different origin. This combination restores 
the original intensity. It is objected to this that two sets of feeble 
forces can not constitute one vigorous force, but this is met by the 
observed fact that such union does start a new life cycle, and is there- 
fore rejuvenescent. We may regard this as the fundamental meaning 
of conjugation, and the production of variations as entirely secondary. 


The distribution of the chromatin.—We have now reviewed some 
of the main phenomena of fertilization; there stillremains the relation 
of the hereditary substance to the future development of the individ- 
ual. There is, first, the astonishing fact that, as the chromatin goes 
on dividing, its mass or volume remains apparently undiminished; 
that is, there is apparently as much chromatin in one of the many 
million active cells of the body as in the original fertilized ovum, and 
there is still an enigma as to the nature of this chromatin and its 
functions. Secondly, there is the problem of the maternal and pater- 
nal elerfients in each cell; do they lie side by side or are they fused? 

1. In plants De Vries* and others believed that ell or by far the 
ereater number of cells in the plant body contain the total hereditary 
characters of the species in a latent condition. K6llikert has fully 
discussed this question and called attention to Miiller’s early views that, 
in spite of the physiological division of labor producing the tissues, 
the properties of all the tissues can be derived from the nuclear sub- 
stance of a single tissue, as proved by experiments upon the lower 
animals. Weismann, on the other hand, has held that the course of 
development is marked by a constant qualitative distribution of his 
germ-plasm or hereditary substance, so that, so far as nuclear content 
is concerned, there are three forms of cells: (1) with nucleo-plasm; 


(2) with nucleo-plasm and germ-plasm; (5) with germ-plasm only. 


* Hugo de Vries: Intracellulare Pangenesis. Jena, 1889. 
tDie Bedeutung der Zellkerne fiir die Vorgiinge der Vererbung, Zeit. f, Wiss. 
Zool., 1885, And, Das Karyoplasma und die Vererbung, op. cit., 1886. 
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Killiker opposes this idea and maintains that the ‘“idioplasma” passes 
into all cells, in which it divides in course of development. Step by 
step from the embryonic layers tothe tissues, the constructive proc- 
esses are under the direction of the nuclei containing this hereditary 
substance. It remains in every nucleus for along period unaltered, in 
order to finally, here earlier, there later, impress its constructive forces. 
In certain elements, as in blood corpuscles, epidermal scales, ete., it 
disappears, as the last product of division. 

R. Hertwig takes a similar view. Since embryonic and adult cell 
division is differential, there must be a form of differentiation in the 
nucleus; but this does not consist in the total elimination of some 
qualities and survival of others, nor of a reduction in mass. The 
mass and the properties remain the same in every cell; the differen- 
tiation consists in the activity of certain elements in certain tissues. 
Thus we may say with De Vries that different “pangene” may leave 
the nucleus and enter the cell in different tissues; or with Nageli, that 
special “micelle” come into activity at certain points; in other words, 
the potential of the nucleus is differently exerted. Here again we 
have the idea of patent and latent hereditary elements, such as appear 
in the entire individual upon a larger scale. 

This is one of the most interesting problems for future investigation, 
but the direction of research will, I imagine, cover a larger area of 
cell content than the nucleus, as we are now swinging back to regard 
the extra-nuclear archoplasm as an important factor in the process. 

In the following paragraph Hertwig expressed his view of nuclear 
control and cyto-plasmic differentiation : 

“As I saw in the transformation of the nucleus during fertilization 
proof that it is the bearer of hereditary substance, I recognized a great 
advance in the fact that the nucleus leaves in the same form in every 
cell, and in its vesicular capsule is somewhat removed from the metamor- 
phoses of the cells. As. Niigeli spreads his idio-plasm as a net-work 
throughout the whole body, so, according to my theory, every body- 
cell contained in its nucleus its quota of hereditary substance, while its 
specific histological peculiarities were to be regarded as its plasma 
products. ” 

2d. The next question is the fate of the maternal and paternal con- 
tributions to the embryo. Here there is a wide difference of opinion. 
On the one side Van Beneden is the leader of those who regard each 
cell of the body as ina sense hermaphrodite; as we have seen, his views 
of maturation and the significance of the extension of the polar bodies 
were colored by this theory, for he regarded the germ cells as hermaph- 
rodite until one sex was eliminated. But now that the researches 
of Hertwig have given the last blow to Van Beneden’s theory, and it 
follows that there can be no male and female chromasomes, there still 
remains room for the analogous view that the maternal and paternal 
chromasomes remain distinct throughout the course of development, 
not as sexual elements, but as substances with the same racial and 
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specific but different individual tendencies. Rabl, an eminent em- 
bryologist, shares this view, and it is supported by Boveri upon the 
observation that in each division the paternal and maternal elements 
are kept distinet, and in Ascaris, for example, two of the chromasomes 
of each division figure are paternal and two are maternal. 

In favor of this hypothesis we may place the following facts: Ist, 
that there are an even number of chromasome rods in all cells; 2d, that 
the number is constant throughout all the subsequent changes in the 

F tissues; 5d, that the number is fixed for each species or variety; 4th, 

, that the number is the same in each sex. 

Against this replacement hypothesis we must consider the extreme 
complexity of the division process, and the long-resting, or thread 

/ stage, in which the chromatin lies in a confused coil. Further, Hert- 
| wig argues that if the elements are distinct we should find some evidence 
— that the maternal or paternal part is atrophied or replaced, or excluded 
from the nucleus, for both parts can not share alike in the control of 
the cell. These are Hertwig’s grounds for supporting the “‘ verschmel- 
sungstheorie,” or fusion theory, also advocated by Waldeyer, to the 
effect that by the complete union of the maternal and paternal sub- 
stance a new product is formed; in this fusion the law of pre-potency 
may come into play, causing one or other of the parental tendencies to 
predominate, or there may be an even re-distribution, whereby, as ex- 
pressed by Hensen, *‘the hereditary substance of the son is not that 
of the father plus that of the motier, but is his own, with a new heredi- 
tary form resulting from the combination.” 

While suspending judgment between these two views as to the sep- 
aration or fusion of the chromatin, we may appeal to the external 
phenomena of heredity for light upon the probabilities in the question 
First, I refer to the very decided opinion of Francis Galton in regard to 
particulate inheritance; he is so impressed with the fact that we are 
made up bit by bit of separate structures derived from different ances- 
tors that he has even suggested that the skin of the mulatto may 
represent not a fusion of white and black, but an excessively fine 
mosaic in which the colors are so distributed as to give the appearance 
of blending. We do sometimes observe patches of color as evidence 
of uneven distribution. As Galton distinguishes two types of structures 
with reference to inheritance, viz, those which blend and those which 
do not blend, we might correlate these types with pre-potency, replace- 
ment, and fusion. Where characteristics do not blend, as in eye-color, 
it is evident that. while the offspring must receive from both parents 
the material basis for the formation of the complete color of the eye, 
either the maternal or paternal material must be prepotent and ex- 
clude the development of the other; the logical inference is that the 
former activity replaces the latter; but itis not necessary that exclusion 
from the cell chromatin should follow. Now, while some blends seem 
to support the theory of fusion, the suin total of facts of heredity are 
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strongly against this as a universal principle, for many maternal and 
paternal structures are preserved in their absolute integrity for gener- 
ations without the least indication of mixture. 


Cell forces and heredity—We have thus far been considering only 
the chromatin as the heredity substance par excellence, and have dis- 
regarded for the time the archo-plasm or dynamic material of the cell. 

If we advance upon the hypothesis that a typical cell contains the 
more or less passive chromatin, and the archoplasm playing upon. this 
chromatin in course of every phase of re-distribution, it seems @ priore 
improbable that elements which are associated with every vital change 
should be dissociated in the phenomena of heredity. Wemight suppose 
that the mechanics of karyokinesis are exactly similar in every cell 
of one individual, but it is highly improbable that they should be ex- 
actly similar in two individuals. We should therefore anticipate the 
joint transmission of the chromatin and archoplasm, implying by the 
latter the dynamic centers especially connected with hereditary function 
as distinguished from the general functions of metabolism. 

This leads us to look for evidence from the life of the cell in its 
totality. We owe to Dr. Max Verworn* a fresh treatment of this 
subject, based upon experimental researches among the Infusoria, 
mainly by the extirpation method. As his experiments included only 
the phenomena of living cells in which the chromatin substance was 
of course undifferentiated to the eye, he treats of the nucleus as a 
whole without distinction as to chromatin and achromatin. He con- 
cludes that the physiological importance of the nucleus is exhibited 
in its constant interchange of materials with the remainder of the cell 
body; only through this interchange does it influence the cell and 
control its life processes. The interchange is in triple currents, a, 
from outside of cell to cyto-plasm; 6, from cyto-plasm to nucleus; ¢, 
from nucleus to cyto-plasm. These movements of interchange are the 
expression of life phenomena. He compares the rdle of the nucleus to 
that of a cell organoid, like chlorophyll, as not constantly present but 
as invaribly necessary to activity. Thus he believes even the most 
lowly organized cells have nuclear centers, and that even bacteria are 
differentiated into nuclear and extra-nuclear areas. Coupled with this 
idea of nuclear control is the somewhat paradoxical statement that 
the nucleus is not a dynamic center, either automatic or regulating, 
and the conclusion that the nucleus alone cannot be the seat of fer- 
tilization and heredity, but both the nucleus and extra-nuclear pro- 
toplasm must constitute the material basis of heredity. This conclusion 
is in the direction of the general reaction of opinion which is now 
taking place against the centralization of cell-government in the nucleus. 

Vague as they must necessarily be, our ideas of cell forces are some- 
what further defined by the brilliant experiments of the Hertwig 
ve Physiologische Bedeutung des Zellkerns,” Archiv fiir Physiologie, 1891, pp. 
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brothers upon germ cell physiology and pathology, which are full of 
Suggestion as to the causation of abnormalities in inheritance. These 
were begun in 1884, and were first directed to the influence of gravita- 
tion upon the planes of embryonie cell division, following up the ex- 
periments of Pfliiger and Rauber. In 1885 the conditions of bastard 
fertilization were studied; in 1887 the causes of polyspermy or mul. 
tiple fertilization; and in 1890 the effects of extreme heat and cold 
upon germ-cell functions.* - In general the conclusions reached were 
that in the normal state there exist regulating forces in the ovum which 
prevent multiple fertilization or bastard fertilizations (i. e., by sperma- 
tozoa of other varieties), but these forces are neutralized where the 
life-energy of the cell is diminished by reagents or by extremes of 
temperature. = 

For example, in the normal state the entrance of a single sperma- 
tozoon produces a reaction in the ovum wall preventing the entrance 
of other spermatozoa, but when the ovum is weakened by chloroform 
solution two or more spermatozoa enter before the reaction appears; in 
fact that degree of polyspermy is directly proportional to the intensity 
of the chemical, thermic, or mechanical disturbanee of the ovum. 
Double fertilization or over-fertilization has not in a single case resulted 
in the production of twins, so that Tol’s supposition is negatived, 
although other forms may behave differently. The cell function may 
be arrested at any stage by thermic influences; thus two pronuclei, 
paternal and maternal, about to unite, can be held apart by lowering 
the temperature. Polyspermy also results from a lowered tempera- 
ture. It is noteworthy that the conditions of bastard fertilization and 
polyspermy are different; chloroform produces the latter but not the 
former. Kupffer has, | believe, succeeded in producing twins, or 
rather two-headed monsters, by abnormal fertilization in fishes. 

These researches, although made with a different object, re-establish 
the older views as to the inter-dependence of nuclear and extra-nuclear 
activities, and show that no sharp line of demarcation of function can 
be drawn between the nucleus as a center of reproduction and heredity 
and the cyto-plasm, as the seat of tissue building and nutrition. In 
Boveri’s discovery of the archo-plasmic centers, or centrosomes, we find 
positive ground tor this broader view. It is connected with the cell 
phenomena of heredity in the following manner: 

While the union of the nuclei in fertilization is the most obvious 
feature, this union is dependent upon the archoplasm, which re-arranges 
the nuclear elements. If the spermatozoon contains no archoplasm, 
this power can not come from the parental side; but Boveri shows that 
this is probably not the case and that the spermatozcon brings its cen- 
trosome with it, thus entering the ovum with both the parental chro- 
matin substance and dynamic material. It is certain from this and 


Paencriencelte laeerone faneen hier die Bedingungen ner eabidbetrachpane: 
Jena, 1885. See series of papers in Jenatsche Zeitschrift. 
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from the observations of Roux that the sperm cell is now to be regarded 
as more than a mere nucleus, that it contains both nuclein and para- 
nuclein. 

Intercellular forces.—The forces within the different portions of the 
celllead us to consider those which must exist between different cells. 
This is an obscure question at present; but, as I have observed in the 
close of the second lecture, it is an extremely important one in connec- 
tion with the problem of heredity. 

As Prof. Wilson writes: ‘‘My own conviction steadily grows that the 
cell is not a self-regulating mechanism in itself, that no cell is isolated, 
and that Weisman’s fundamental proposition is false.” 

It is along step between an @ priori conviction and the demonstra- 
tion by experiment of a correlation of forces between the cells. This 
seems to me a most important field of experiment. We have seen in 
Maupas’s work that the contact of two infusoria initiates a rapid 
series of internal changes; we have only to conceive of analogous 
changes taking place when two cells are not in actual contact, as in 
the phenomena of previous fertilization referred to in my second lec- 
ture. Hertwig and others have shown how gravitation is related to 
cell activity. Roux has destroyed half an embryo with a hot needle in 
the first stages of segmentation and followed the other half through 
the stages of subsequent development. Another clever experimenter 
has turned fertilized ova upside down during the early stages of 
development, and shown how the protoplasmic pole and yolk pole 
forcibly change places. Driesch has traced the connection and mean- 
ing of the first plane of cleavage in the embryos of echinoderms, and 
has succeeded in raising a small adult from half an embryo artificially 
separated during the first cleavage stage. Wilson, in the larva of 
Nereis, has shown how a certain stage of division in one group of cells 
affects all the other groups. <All these experiments are in the line of 
determining the relations which exist between internal cell forces and 
other natural forces. What we must now seek to determine is the 
relation of cell to cell throughout the body, in connection with the 
phenomena of heredity. 


Conclusions.—Perhaps the most impressive result of our review of 
recent researches in evolution and heredity is the uniformity of life 
processes throughout the whole scale of life from the infusoria to man. 
The most striking analogy is that seen in the laws of fertilization and 
conjugation, which are shown by Maupas’s researches to have been 
established substantially in their present form at a very early period in 
the evolution of living organisms. Such uniformity furnishes a powerful 
argument for the advocates of the study of biology as an introduction to 
the applied science of medicine. Much that is now entirely omitted 
from medical education. because it is considered too remote, is in reality 
at the very roots of the scienee. To understand the disorders of life 
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we should first thoroughly understand the essential phenomena of 
normal life. Of course we shall never see life as it really is, because 
there is always something beyond our highest magnifying powers; but 
we come nearest to this invisible form of energy when. with such 
investigators as Hertwig and Maupas, we strip the life processes of all 
their accessories and view them in their simplest external form. 

The problems of evolution are found to be inseparably connected with 
those of heredity. No theory is at all adequate which does not explain 
both classes of facts, and we have seen that the explanations offered 
by the two opposed schools—those who believe in the transmission of 
acquired characters and those who do not—are directly exclusive of 
each other. We should suspend judgment entirely rather than cease 
to gather from every quarter facts which bear upon the most important 
and central problem of the transmission of acquired characters. I 
have endeavored to point out the opportunities which medical practi- 
tioners enjoy of contributing evidence upon this mooted question. It 
must not be forgotten that while the inheritance of individual adapta- 
tion to environment is the simplest method of explaining race 
adaptation such as we observe in the evolution of man, we know abso- 
lutely nothing of how such inheritance can be effected through the 
germ cells, Wecan not at present construct even any form of working 
hypothesis for such a process. On the other hand, we have found how 
untenable is the alternative theory offered to us by Weismann, that it 
is solely natural selection or the survival of the fittest which 

« _ -~ - shapes our ends, 
Rough hew them as we will.” 


At the same time Weismann’s conception of a continuity of germinal 
protoplasm, which we have found to consist in chromatin plus archo- 
plasm, helps us over many of the phenomena of heredity, especially on 
the retrogressive side, and if it were not that we must also account 
for progressive and definite transformation in heredity, we might credit 
the distingnished Freiburg naturalist with having loosened the Gor- 
dian knot. 

In summing up, the order of treatment followed in the lectures may 
be reversed, and we can begin with the germ cells, and condense the 
more or Jess ascertained facts. 

The germ cells: 

(1) The material substance of hereditary transmission is the highly 
coloring protoplasm, or chromatin, in the nucleus of the germ cells, 
probably connected with a certain form of archoplasm, or dynamic 
protoplasm outside of the nucleus. 

(2) Before conjugation and fertilization the hereditary substance 
of both the male and female cells is reduced to one-half that found in a 
typical cell. This substance is however first doubled and then quar- 
tered, the meaning of which process 1s not understood. 
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(3) There is a difference of opinion as to whether the paternal and 
maternal hereditary substances, during fertilization, are fused or lie 
side by side; also as to how the substance is distributed through the 
tissues, whether en masse or by qualitative distribution. 

Heredity: 

(4) No connection between the germ cells and body cells is known, 
but the facts of heredity seem to render such a connection theoreti- 
cally necessary. Several classes of facts connected with reproduction 
seem to support this theory. 

(5) The facts of heredity support the theory of a continuous and 
specific form of protoplasm as the basis of repetition of type. 

Evolution: 

(6) The facts of evolution, both in present and past time, point to 
transformism by definite progression toward new types of structure 
in succeeding generations, opposing the retrogressive forces of heredity. 

(7) The theory (natural selection) of definite progression by the 
accumulation of fortuitous favorable variations is found to be not only 
theoretically improbable, but not to correspond with the observed laws 
of variation. 

(8) The laws of variation (anomalies) lend support to the theory of 
hereditary transmission of individual acquired variations, but even this 
(Lamarckian) theory encounters many difficulties. 

I think this is as fair a statement as can be made at the present 
time, and it rests upon a general survey of the whole field. 
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REPORT ON THE MIGRATION OF BIRDS.* 


By Prof. Dr. J. A. PALMEN.t 
Helsingfors, Finland. 


(Translated from the German by C. W. SHOEMAKER. ] 


The annual migration of birds has at all times attracted the atten- 
tion of thinking men but in very different ways. Thus this phenomenon 
awakes in the simple peasant other thoughts than in the man of eul- 
ture; the poet and the naturalist look upon the returning flocks with 
other feelings than the hunter. Natural philosophers finally take up 
the migration as a very complicated problem for investigation. They 
regard it however from different points of view, aud accordingly the 
question is treated in dissimilar ways. 

Linné admonished natural philosophers to observe the migration 
of birds. But this collecting of data could not be done methodically 
before the necessity for simultaneous observations over greater areas 
had made itself felt by the examination of geo-physical questions, 
and in this direction a program was practically carried out. Quetelet 
then in the year 1841 asked that the changes in living nature also be 
noted in a comprehensive and regular manner, and his countryman de 
Sélys-Longchamps proposed to collect exact data specially on the mi- 
gration of birds. This repeated warning was now obeyed with zeal. 


* Submitted to the Second International Ornithological Congress in Budapest, 
1891. id 

+ When in the fall of 1890, the Hungarian committee for the Second International 
Ornithological Congyvess in Buda-Pesth charged me with the duty of preparing the 
report on the state of our knowledge regarding the migration of birds, a far deeper 
obligation was at the same time officially laid upon me, the fulfillment of which 
required great exertions. But the prospect of being able to say a word on such an 
oceasion about the subject which had become dear to me was too enticing; and in 
the hope that I might be able to discharge my official duties by New Year, I promised 
to place my sinall abilities at the disposal of the committee. 

Unfortunately I was mistaken, and those duties are not yet performed. I did not 
perceive the full scope of the work until after it was too late to turn it over to 
another specialist. And so nothing remained but to perform in the shortest possible 
time an almost impossible task. No one can be more conscious of the defects of the 
present report than the person making it. When he ventures, however, to appear 
with it before the Second International Ornithological Congress, he does it in the hope 
that in passing judgment upon it the above circumstances may be duly considered. 

The writer hopes to be able to treat the subject more exhaustively on another 
oceasion, and thus to remedy in « measure the defects of the present treatise. 


HeLsinerors, May 6, 1891. 
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When the new impetus on the side of physicists and climatologists 
became felt, the inquiry assumed adequate form. The arrival data 
were considered like other climatological observations, and treated in 
the same manner as the notices on temperature, air pressure, ete., with 
the view of finding an expression for the climate of the corresponding 
regions. The bird of passage was regarded asa complicated apparatus, 
by the observation of which the climatological problems could be ex- 
plained in certain relations. 

Zodlogists however could not permit the bird and its migrations to 
be regarded merely as a means to serve other purposes, but both con- 
stituted independent problems in themselves, dependent only in certain 
respects upon ciimate, etc. It was asked therefore how the question 
was to be examined in this regard; and, as may readily be conceived, 
methods were for the time being suggested which the climatologists 
had already perfected. 

Consequently the “climatological” material of data about the arrival 
and departure of the birds assumed the character of an avi-phenologi- 
calmaterial. By its proper treatment, it was desired to fix the course of 
the migration of the species of birds; and with this view first of all an 
effort was made to determine its time, in order to judge first by that of 
the direction of the migration. Two means were now available: 

(1) Either data of arrival from one year only were to be used, because 
only such can be compared with one another (Kessler, 1852, South 
Russia) ; 

(2) Or from as many years as possible, in order that the errors of 
observation, unavoidable in any case, could be mutually corrected. 

(v. Middendorff, 1855, Russian Empire.) 

Both conditions were very difficult to fulfill, the former however, 
easier than the latter. 

At all events, both methods offered a good view of the gradual prog- 
ress of the bird species, as heretofore of that of the increase of tem- 
perature and similar climatological phenomena, but hardly anything 
more. The conclusion that the migration takes place at right angles to 
the isopipteses seemed justified; but, with regard to the direction of 
the bird’s migration to be ascertained, could not possibly prove more 
exact than the premises themselves, the methods of inquiry, and the 
material. 

As a reminder of the ‘ climatological” conception of the problem 
and of the corresponding methods, something medium, something of 
arithmetical mean values had to attach to the result, which however 
did not exist in the phenomenon itself. 

For the migration of birds is by no means a meteorological but a 
biological phenomenon. The question is about the advance of living 
individuals, who move according to their own will. Their paths must 
be investigated, and the result of this inquiry must be given much 
more exactly than the advance of the spring warmth. For, since the 
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indvidual can pass over only one line of migration, the question arises 
whether flocks of individals, and even the whole species, can not in 
the same manner follow fixed routes which suit them. Otherwise, how 
does it happen that certain species appear in numbers every year in 
fixed places without showing themselves in the neighborhood? How 
comes it that the single individuals at last find their way back to their 
old nesting places? The climatological methods do not suffice to answer 
these questions; others must be applied. 

As in any complicated problem, the order in which the different sides 
of the question are taken up is not a matter of indifference; for the 
knowledge of some of its sides indisputably helps to an understanding 
of certain others. Which side of the phenomenon of migration is to 
form the scaffold? Which must be understood first, in a measure at 
least, before the other questions can be properly asked, much less 
answered. 

In fact, a principal problem of the investigation falls within the 
domain of zo6-geography, for it must, first of all, be established which 
route the species takes before the time required to traverse this route 
and other circumstances connected with its passage can be considered. 

Sunderall pointed out empirically the course which the investigation 
had to take when, in the year 1871, he made known the routes of migra- 
tion of the crane in Europe. 

With the conviction that only a systematically considered investiga- 
tion could explain the migrations, the writer examined the question 
(Palmén, iiber die Zugstrassen der Vogel, 1874, 1876) with particular 
regard to only a small number of hyperborean species. It seems neces- 
sary to go into the question step by step, and first of all to fix the route 
of those species of birds whose migrations seemed proper, to place in a 
clear light the methods of investigation to be employed; for in this 
relation it is not possible to compare all species of birds nor. all the 
regions penetrated with one another. 

In the choice of the zo6-geographic, and therefore of the avifaunal 
material to be employed. two different groups of facts especially pre- 
sent themselves. 

(1) Hither the general migration of different species would have to 
be investigated, which is known to have awakened the most intense 
interest of observers in many places; 

(2) Or every individual species is to be followed separately through 
all the regions which it visits in its migration. 

The enormous masses of migratory birds which pass through certain 
narrow-bounded regions long since attracted attention, for all descrip- 
tions from those regions are highly picturesque and entertaining. 
Nevertheless, these rather touch our sentiment than ourreason. They 
leave the questions whence? whither? why? un-answered, simply be- 
cause each species can, properly speaking, answer these questions only 
in its own manner, but we ourselves can not separate and understand 
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the individual voices. The whole thing must therefore appear to us 
as a complication, though a very interesting one. 

Here also, then, an average answer is of no use, but the whole must 
be closely analyzed. This however can not be attained by study of 
the general migration. Just asa tangle of threads can only be loosened 
by getting out the single threads, so out of the net-work of migratory 
routes, that is out of the “highway,” the separate road of each species 
of bird must be picked out and followed. And this work pre-supposes 
the knowledge of the last named, which however can only be acquired 
where the migration assumes a simpler aspect. 

The existence of narrowly limited roads, ramified in a characteristic 
manner for each species, was felt beforehand by zodlogists who, in their 
investigations, depended upon the less productive climatological meth- 
ods. Thus in admirable manner von Middendorff compared the routes 
of separate species of birds with the different forms of shrubs and trees 
which were drawn on the paper. The leaves correspond to the nesting 
places, the branches are to compare with the routes, and the roots with 
the winter quarters. On the map the shrubs would bear their foliage 
not far from the roots drawn somewhat more to the south; the trees— 
likewise ramified, but of lofty growth—would take a higher place; and, 
unramified, some gigantic stalks would jut out, which on the map take 
root in Egypt, but with their branches shade the coast regions of the 
frozen sea, beyond the tree limits. 

With the indispensably necessary geographical determination of the 
routes of separate species of birds, all reliable local faunas, as well as 
smaller lists, must first of all be used as material for investigation, and 
moreover, all notices of isolated discoveries of a species of bird in places 
which the migration passes. Such isolated notices and minor works 
are indeed the extreme roots of the inductive zo6-geographic inquiry. 
Out of the entire ornithological literature therefore a comparison is to 
be made of all accounts of the appearance of a species of bird. Coun- 
try after country must make its contribution, and for each district a 
separate conclusion must be drawn for the species in question, and the 
result added to that of the next district. 

The writer’s investigation of the migration of some birds breeding in 
the Arctic regions, carried out on these principles, yielded certain re- 
sults which need not be here considered in detail, but it may perhaps 
be well to note some of the main points. 

During the migration, these birds do not by any means take any di- 
rection they please, nor do they follow everywhere one and the same 
direction, perhaps a “general migratory route.” They rather follow 
well defined, geographically bounded ways, whose bends depend pri- 
marily upon the topographical relations of the regions. Other not more 
accurately examined species of birds also act in the same or an analo- 
gous manner; since their migrations, takin g place almost everywhere, 
are to be traced to extremely ramified routes. The routes of migration 
may be grouped into several categories according to their character, 
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The order of migration of the individuals may be reduced to two 
simple types: (1) where a number of individuals move from one place 
to another without changing their relative positions (nacheinander- 
zug); (2) where the relative positions are changed. some moving more 
rapidly than others (voriiber-zug); with all transitions between the 
two. 

The irregular migrations also are to be distinguished from the regu- 
lar, and the stray visitors are to be considered in harmony with this 
principle. These stray visitors can essentially contribute in the spring 
in different ways to the extension of the breeding district. 

Theoretically the origin of the migration instinct becomes somewhat 
more comprehensible than before; and the explanations found might 
be fit to cause a new discussion about the phenomenon of migration. 
This conception of the particulars of the migrations met with appro- 
val on many sides. Nevertheless the voice of Mr. E. F. von Homeyer 
was soon raised against it, from whose work (Die Wanderung ‘aa der 
Vogel, 1881) I have brought together the following leading views: 

Birds usually migrate in a fixed direction,—in the greater part of 
Europe essentially from northeast to south-west. The maintenance of 
this direction depends on the birds’ sense of direction. 

The passage of a particular species extends over every single point 
within its migration district; for the birds fly so high in the air that 
the direction of their flight becomes independent of the topography of 
the ground. From this height they perceive suitable resting places, 
where they can repose or stop. By combining such places, the pre- 
tended migration routes are constructed, which by uo means correspond 
to the facts. The birds do not move along linear routes, at least not 
along coast ways. They move with an extended front, everywhere. 

Only in isolated places are the birds compelled by insurmountable 
obstacles, like high mountains, to deviate from the general direction. 
and to collect together in larger numbers at one point than at another, 

The erroneously so-called stray visitors have by no means gone 
astray. They are simply rare birds, which, owing to the incomplete- 
ness of the observations, are overlooked in most places. 

All theoretical speculations on the migration are to be rejected. 
They are not only useless, but directly injurious; because they only 
forestall the real observation of nature, and, instead of advancing 
knowledge, merely open the door to fancy. The tendency to construct 
hypothetical migration routes for the birds has sprung from the now 
popular endeayor to trace everything back to the Darwinian doctrine. 

In later years Hartwig followed E. von Homeyer’s conception of the 
course of the migration (Journ. f. Ornith., 1835, p.427; compare also Har- 
tert, J. f. Ornith., 1887, p. 251 and 1589, p. 254). 

The writer had already in the year 1882 published his ‘-answer” to 


* This is done with all heme ation. for ae are still ed en in the wie 
where the above views, formerly subscribed by the author named, are still held. 
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the author of the “migrations”. That conception has at all events its 
authority as the personal opinion of the renowned author. It could 
however be fully accepted only in case it were founded upon a material 
of communicated facts, and conclusions had been reached from these 
in a strictly logical and conscientious manner. Because, however, these 
conditions were wanting, a purely scientific examination of the views 
given could be made only with difficulty or not at all. The discussion 
could only take the form of a personal defense, which could at all events 
somewhat clear up the question, dulled by the manner of the attack, but 
eould contribute little to the further elucidation of the problem itself. 

A little attention will suffice to show that the writer had neither 
subscribed to narrow “linear” routes for “birds” in general, nor the 
existence alone of coast and river ways. He maintained above all that 
the individual species of birds de not move irregularly, and also that 
each species is not obliged to follow a fixed direction in the sky. They 
act according to the local and continental relations of the ground, and, 
besides, each species according to its own nature. 

There are then also species whose routes go through narrow plains, 
and which spread out here as far as the space permits. The migration 
routes likewise often lead through regions where these species find 
ample scope and can choose suitable roads within wider bounds. The 
migration lines of individuals and bands group themselves then in 
bundles, which, according to circumstances, branch out and run to- 
gether again, and the individuals do not here confine themselves so 
strictly to fixed places, as in the narrow bounded sections of the route. 
In such wider roads, as may readily be conceived, a wider front is 
also developed. Kven our opponents seem to allow that here also cer- 
tain obstacles situated on the flanks prevent the unlimited extension 
of the individual routes. How many species of birds exist, which are 
not at al] dependent on the conformation of the ground and on the 
resting places, can not be decided beforehand. 

Every species, every variety, and every form differing in the slight- 
est mespect must therefore, if possible, be treated separately. A com- 
-plex.af species are to be examined together, which in the migration 
agree.semewhat geographically. Thus in certain respects a want of 
material in some species can be to some extent supplied by analogies in 
others. Accordingly an average treatment of heterogeneous species can 
not be justified in a special scientific investigation of migration, and in 
aregion where the most dissimilar species are known to follow one and 
the same direction or road, this surely has its cause in topographical 

-conditions which perhaps lie further and are only perceptible in the 
wholemass. The importance of such highways te the problem of mi- 
gration was discussed above. 

A “universal direction of migration,” which perhaps all the species 
of birds in the expanse of whole continents should follow, does not, 
therefore, correspond to.a well founded conception of the phenomenon 
of migration. It is likewise evident that in an exact scientific diseus- 
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| sion a special declaration for “birds” in general can daim no scientific 
valne. Such general expressions are to be avoided. because they may 
easily lead astray. - 

_ As already remarked, the view of the existence of geographically 
defined routes of migration began to prevail gradually, and almost 
simultaneously with the ennpletion of the writer's work similar state 
ments appeared from the most approved quarters, for example, from 
Wallace and A. von Middendorff. The writer can not omit to mention 
that in a personal interview he received the full approbation of the last- 
named venerable investigator of Siberia. The approval of Aug. Was 
mann may be regarded as of great importance with regard to wilogy 
im general, and finally, Radde’s well-known statement “that every- 
where on earth the direction of the migration intimately depcids, and 
is even dictatorially conditioned, on the relief of the land which the 
birds pass” (1554). 

For the continued investigation of the phenomenon of migration in 
the sense above mentioned. it seemed absolutely necessary to obtain a 
large quantity of observations from the most different places. For in- 
definite accounts of the occurrence of the species of birds in greater 
districts permitted no rdiable conclusions regarding the local extent 
of the wigration routes, It rather seemed desirable to obtain uumer- 
ous observations on the migration, repeated every year, just as is done 
in the study of meteorological phenomena. 

Por these reasons Mr. Beichenow. at the spring mecting of the Uni- 
yersal German Ornithological Society in Brunswick, on May 22, 1875 
(Journ. f. Ornith., 1875, p. 347), pointed to the necessity of collecting 
observations on the migration of birds according to a uniform plan in 
diverse regions. It was then referred to 2 committee to promote the 
inquiry. 

The calling into existence of this committee for observation stations 
of the birds of Germany is known to the world; as also its annual 
- reports, which have appeared since the year 147 6 in ever increasing 
size, and whose editing las reflected the greatest credit on Prof. B. 
Blasius and Prof. A. Reichenow. It is also further known how this 
example of Germany found imitators in Austria Hungary. the observa- 
tions made there being first (1880, 1581) received in the German 
reports, then from the year 1352, appearing independently. 

Every ornithologist is also acquainted with the progress of develop- 
ment of this question in Great Britain, where observations were begun 
from the year 1879. especially in the light houses. and published an- 
nually. : 

Independently of these efforts, investigations of faunas of different 
small and large tracts, as well as of general migrations, were started. 
More will be said further on about these. as well as about the maganifi- 
cent arrangements in North America. 

So far had the question advanced when, in April, 1554. the First In- 
ternational Ornithological Congress met im Vienna and gave a power- 
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ful impetus to the furtherance of the investigations. Circulars were 
distributed in most countries and observations collected, as appears 
from the following short summary. 

Regarding the observations from Germany (ineluding Austria-Hun- 
gary, 188182), the following notices are taken from the annual reports 
which appeared in the Journal fiir Ornithologie: 

ES. 


Number of Species 
observers. observed. 


| Report. | Year. 


I 1876 s 256 
IL 1877 41 2h 
bees i878 41 259 
IV 1879 9 263 
¥ 1880 36 280 
¥i 1881 39 245 
Vil 1882 29 2H 
VIET 1883 S4 216 
IX 1884 113 24 
| x 1885 30D 27 
: AF 1886 238 262 
XIT gE: y eee (a ene 
i 


* Ready for the press. 


2 30 


The first annual reports (1876-81) contain only the special observa- 
tions. In accordance with Mr. E. F. von Homeyer’s wish (Journ. f. 
Ornith., 1880, p. 357), a general volume has since 1882 been sent in ad- 
vance, wherein, by bringing forward some examples, a picture has been 
given of the time of migration of the year in question. To this gen- 
eral description of the migration was added a short review of the me- 
teorological incidents of the year with reference to their influence upon 
the course of the migration. 

The observations were at first made for each species, mainly with 
reference to the biological phenomena (arrival, breeding, departure, 
wintering). The new impetus of the year 1884 brought changes in 
this respect also. The necessity for editing in a simpler manner the 
increasing mass of observations became apparent. The geographic 
arrangement of the notices was chosen, by which at the same time 
local faunas were restored. To facilitate inquiries, the countries were 
arranged in alphabetical order, with all their greater political depend- 
encies. 

Since 1886 it has been the intention of the committee to construct 
maps showing the geographical distribution of the birds of Germany. 
Such maps have already appeared relating to three species (Corvus 
cornix, C. corone, C. frugilegus; prepared by Matschie). The committee 
also intends to establish the migration routes of certain birds in the 
German territory. 

At the annual meeting in September, 1888 (Jowrn. f. Ornith., 1889, 
p. 60), the instructions for observers were somewhat changed, and 
drawn up again as clearly and briefly as possible. The observations 
relating to this matter, especially in the Kingdom of Saxony, are edited 
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a 
as 
_ 


by A. B. Meyer and Helin (Zeitschr. f. d. ges Ornith.). They embrace 
the following number: 


ez 
4 \ | Year. Observers. Species. 
(iene a el ee aaa (A 
| 
: I 1885 | 43 120 
| II 1886 60 199 
IIT | 1887 134 215 
| IV | 1888 122 213 
| e j e 
- As stated above the observations from Austria-Hungary for the 


years 1880-81 were incorporated in the corresponding German annual 

| reports. Since the year 1832, under the editorship of Prof. K. von 

| Dalla-Torre and V. von Tschusi zu Schmidhoffen, independent reports 
from the first named countries have appeared in Ornis as follows: 


| Number of | Species 
Year observers. observed. | 


1 
; 


x 1282 | 46 338 


Ir 1883 83 o14 
III 1484 60 poe 
Ty 1885 67 209 
is 1886 (el 
VI 1887 7 341 
Rab be Ub ke eee Fee a ie ee 


* Not yet out. 


In the same years appeared also reports on the recently publishea 
works on the avifauna of the monarchy. A map giving a view of the 
geographical distribution of the observation stations in the Austrian 
territory for the years 1832~88 was also published (in Ornis, VI, 2, 3). 
The arrangement of the observations in the reports thus agrees pretty 
well with the publications of the German committee. 

Furthermore, annual reports have been published in different 
European countries on the ornithological results, arranged in almost 
the same manner, and accompanied by general statements on the 
topography of the region and on the meteorological phenomena of the 
year. 

A catalogue by Studer and Fatio of the birds observed in Switzer- 
land is in preparation, and maps showing the distribution of twenty 
different species are added to the first edition. 


Denmark (by Liitken, O. Winge, H. Winge). 


Report. Year. Observers. Species. 
I | 1883 en PS Soe oe 214 
| II 1#84 ee 2 ae ee 157 
lil 1885 eg Pere 175 
Dy 1886 5 a4 155 
af 1287 (i 733 164 
| oS a *31 60 
ESSO i>. *31 59 


* ‘Light-houses. 
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From Iceland a report has appeared (1886; Ornis, 1, Grondal), wherein 
28 species are designated. 

Giitke has published three annual reports on the migration of birds 
on the island of Heligoland, in the form of continued diary-notes (Jan- 
uary, 1884—December, 1886) on the weather and on the observed species 
(Ornis, 1-111). Furthermore R. Blasius published Gatke’s work “ Die 
Vogelwarte Heligoland”, wherein are preserved the results of fifty- 
three years’ observations of the circumstances of the migration of the 
birds on this remarkable migration station (Ornis, VU, p. 132). 


; 
Some reports appeared on the migration of pee in Holland: ; 
; 3 
Ss = a —— sare a ae 
anes Sada a) By Albarda, in Ornis, 1; in Tijdschrift der 
| apRieas | ie 7 nederl, tierk., Ver. 1887, 1888. 
REELS cae ee eee 1887)| 
| 188-1888 | By Coenradts, in Ornis, v, p. 333. 
| 1 


t 


Dubois also published the following reports from Belgium: 


In Bull. dw Musée royale @ Hist. nat. de Bel- 
gique, IV, V. 
4 Ornis, V1. 


| i | 


Three numbers of communications of the ornithological commit- 
tee of the Royal Swedish Academy of Sciences, prepared by Sundstrém 
and Smitt, contain the observations made by 107 correspondents in 
Sweden during recent years up to 1886. 

From the Russian Baltic provinces, especially Livonia, Ii. von Mid- 
dendorff has sent three annual reports, 188587 (Ornas). 

Abstracts of the phenological observations made in Finland have 
been published by Ad. Moberg (Ofv. Finska Vet. Soc. Férh.) for a num- 
ber of years; and in the years 1878-89, arrival data in tabular form 
for 12 species of birds at 34-68 stations have been published. The re- 
mainder is still being prepared for publication; also a comprehensive 
material of observations which were sent to the writer in reply to a 
summons of the year 1885. Out of this material, only a few local 
faunas have been published by way of preliminary. 

We may here remark that in most of the other countries of Europe 
and in some isolated states out of Europe, it has been resolved in prin- 
ciple to join the above mentioned efforts, and some observations are at 
hand ready tor printing, while in others the way has been prepared 
for this accession only by a few calls to the friends of the birds, 

The investigations on the migration of birds in Great Britain have, 
as is known, taken a form consonant with the insular character of the 
territory. At the instance of the British Ornithologists’ Union and with 
co-operation of the British Association for the advancement of Science, 
observations were commenced at most of the British light-houses and 
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light-ships. Yearly notices have been sent in from 100 or 150 of these 
stations since the year 1879, and a committee named by the association 
(J. Cordeaux, J. A. Harvie-Brown, A. Newton, R. M. Barrington, A. G. 
More, W. Eagle Clarke, and others) has looked after the publication of in- 
dividual observations in nine “ Reports on the Migration ” (.879-1887), 
as well as in a brief report which has been made annually to the agso- 
ciation. 

Already in 1882 these notices proved tne wonderful constancy with 
which the birds of passage year after year follow the same lines or 
great routes when they approach or abandon the British coasts, and 
this constancy points to a definite law governing the whole phenome- 
non. Two separate migrations may be distinguished: the great periodi- 
cal waves which sweep from the breeding places in the far northeast 
and return; and further, quite independent of these, a constant stream 
of immigrants, which moves from the continent toward the south- 
eastern and eastern coasts of England, across the southern part of the 
North Sea in the direction of east to west or from southeast to north- 
west. On the other hand, the west coasts, and especially Ireland, are 
comparatively seldom visited by these birds of passage. 

Nevertheless, the stream of migration (1886) does not strike equally 
all points on the east coast of England, but appears constantly to 
follow fixed lines. For example, the Farne islands on the coast of 
Northumberland, as also the mouth of the river Tee, appear to be prin- 
cipal stations for the passage over the North Sea; likewise certain 
parts of the coasts further to the south. To the north of Norfolk, 
the migratory birds appear to penetrate through the Wash into the 
interior of England toward Severn, Bristol Channel, and_ still further 
westward. 

It is further pointed out that the vertical height at which the flights 
take place must be accurately noted*, and that the light-ships appear 
to yield a Better series of observations than the light-houses. It was 
also ascertained that only certain species were attracted by the light, 
and those in an unequal manner, The special direction and force of 
the wind (1887) appears to exert only a small influence on the great 
autumn rushes; but the direction of the wind which prevails during 
the passage in general, seems to play a more important part,—the 
direction of the journey and the angle of the route to the coast being 
to a great extent depeudent upon it. 

A large part of the birds of passage are in autumn driven far out 
on the Atlantic Ocean. Observations on the subject ave noted on the 
most frequented lines of communication, and also made over to the 
conunittee. 

The more the published material accumulated, the more desirable it 
seemed to utilize the whole mass in forming conclusions. This was 
already refer red to in the report for the year 1887. It was further pro- 


* Compare ‘also on this subject Albarda, Ornis, , pp. 592-504, 


H, Mis, 114 
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posed, in the year 1888, that the collecting of observations should be 
stopped temporarily, that the immense mass of facts in the nine re- 
ports, arranged in concise form, statistically, and in strictly scientific 
manner, might be treated as briefly and clearly as possible, in order 
to attain practical scientific results. ‘his proposal was accepted by 
the British Association in the year 1888, and a member of the commit- 
tee, Mr. W. Eagle Clarke, charged with the duty of directing the com- 
prehensive undertaking. 

The British example exerted a deep influence on the First Interna- 
tional Ornithological Congress in the year 1884. Through the efforts 
of the authorities of the permanent ornithological committee of the 
Congress, the wish was communicated to as many state governments as 
possible that the passage of the birds might be observed at the light- 
houses. Thé authorities of these institutions are also charged to ad- 
vance the question as much as possible, from the White Sea to the Cas- 
pian. The light-house officers on wide tracts of the coasts of South 
Asia, certain parts of Africa, Australia, and South America are in the 
same manner called upon to make observations. 

As yet, however, we have but few printed reports from the light- 
houses, except from Great Britain. These few are the ones above men- 
tioned from Denmark, 188689, aud two reports on bird life at the Ger- 
man light-houses, published by R. Blasius (Ornis, VI, VI1). 

In North America the investigations relating to the migration of 
birds have assumed quite an independent form and reached considera- 
ble dimensions. 

In the year 1882 Prof. W. W. Cooke took the initiative with a sys- 
tematic observation of the migration of birds, at first in the State of 
Towa, butlaterin the whole Mississippi Valley. Thirteen observers were 
at work the first year and twenty-six in the year 1883. But after the 
American Ornithologists’ Union had been organized in September of 
the last-named year, it appointed a committee for the investigation of 
the geographical distribution of the birds of North America, as also 
another for the investigation of the migration of birds. The two were 
however consolidated later on. By the co-operation of this committee 
with Prot. Cooke, the investigations were continued systematically un- 
der the direction of Dr. C. H. Merriam. The whole territory was di- 
vided into fourteeu, later sixteen, districts, each under a superintend- 
ent; and for the year 1884 thousands of question-sheets and instructions 
were communicated to members of the most different social groups, as 
well as to all light-houses and other public institutions. 

As it was to be expected that the homogeneous territory of the 
Mississippi Valley, in consequence of its immense extent from north 
to south, and the absence of mountain range or great lakes, would 
afford a particularly favorable field for the investigation of mnigra- 
tion, the observations coming from there for 1884 and 1885 were 
taken in special charge by Prof, Cooke, 
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_ In the meantime, the observations collected had reached such a 
quantity that it did not seem judicious to expect the Union alone to 
elaborate the material. At its instance, a special Division of Eco- 
nomic Ornithology was established by the Congress of the United 
States in the Department of Agriculture, at first under the Division 
of Entomology, and with an annual subsidy of %5,000. Since the 
year 1836 it has operated as a separate Division of Economic Orni- 
thology and Mammalogy, with an annual appropriation of $10,000. 
Economically supported in this manner, and under direction of Dr. 
C. H. Merriam, the prosperity of the institution is assured. 

In the year 1885 the Division issued a most excellent publication 
on the migration of birds: Report on Bird Migration in the_Missis- 
sippi Valley in the years 1884 and 1885, by W. W. Cooke. In this 
work are submitted the data which 170 observers collected respecting 
360 species of birds. The author also shows his method of investi- 
gating the relations of the phenomenon of migration to the prevailing 
meteorological phenomena, by which method he has extensively 
utilized the synoptically grouped observations of the meteorological 
stations existing in the territory 

The old experience that weather exerts an important influence on 
migration was now definitely confirmed. Prof. Cooke proved that the 
atmosphericcenters of depression, moving from west to east in thespring, 
according tothe lawsof meteorology, and which are characterized by cor- 
responding phenomena of wind and. temperature, produce in every re- 
gion changing relatious of temperature, namely, alternate warm and 
cold periods, which changes are accompanied by definite migration 
phenomena. A “warm wave” in the atmosphere of the region in 
question is also a necessary condition for the beginning of a ‘bird 
wave,” “migration wave,” whose further progress is checked by the 
occurrence of a cold period until a new warm wave again pushes it 
forward and gives rise to others. 

Prof. Cooke specifies the time of these waves for the period chosen 
(1884) and for the territory in question. He expressly states that his 
investigation, on account of certain circumstances, is not a complete 
one, and that such a series of observations must be well prepared, and 
carried out besides under favorable conditions. ‘+ Under such adverse 
conditions no attempt would have been made to study the bird waves 
were it not for the extreme importance of the subject. It is during the 
nights of bird waves that the bulk of migration takes place. To study 
migration successfully it must be studied when most active. More- 
over. it is on bird waves that the action of the weather is most appar- 
ent; hence these waves furnish the readiest means of studying the re- 
lation between meteorology and migration. The greatest drawback is 
met with in the difficulty of accurateiy observing and reporting bird 
waves. It is by far the hardest part of the field work in the study of 
migration, and requires more time and more constaut presence in the 
field than most observers cau give.” 
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It is further pointed out by Prof. Cooke that the expression “ bird 
wave” may be taken in a double sense, and consequently answers to 
two methods of investigation. First, a bird wave comprises a very 
large number of individuals of one or of several species, which extend 
at one time over a certain territory. In studying such a wave it is 
necessary to determine the species of which the moving mass is com- 
posed and the bounds of the territory over which the wave extends. 
Second, certain species of birds which are proved to move in company 
on the same day may also be regarded as a wave, whose progress from 
day to day and from week to week must be accurately observed. 

By a critical study of these points of view and by a conscientious 
use of the meteorological and ornithological observations which em- 
brace a precise time and a precise region, the rapidity of the migra- 
tion, on which so much has heretofore been written, can be calculated. 
Only by attentive observation and multifarious labor can the migration 
be followed until the moving flocks have reached their resting places. 

It is evident that Prof. Cooke’s investigation of migration over a long 
continuous route, apart from all unavoidable shortcomings, must be 
particularly adapted to elucidate migration with respect to its course 
and its outward conditions; and that it is very desirable that similar 
investigations may henceforth be undertaken in suitable regions. 

This course is opposed however by the difficulty of finding a suffi- 
cient number of capable observers. Prof. Cooke has been able to rely 
in essential degree upon one conscientious and expert observer, Mr. 
O. Widmann, of St. Louis, whose methodically arranged notices he 
submits in his work. In this connection the writer will only quote the 
words of a competent judge: 

‘¢ A dozen observers like Mr. Widmann, scattered at proper intervals, 
would give a fairer basis for generalizations than hundreds of observers 
of the grade on whom Prof. Cooke was obliged to depend for many 
of his data. This should stimulate the more experienced and well 
qualified field ornithologists to contribute to the fullest degree possible 


to the furtherance of this important investigation——J. A. Allen, The 
Auk, 1889, vi, p. 61.” 


The continued meteorological phenomena were rendered in the usual 
manner by synoptical maps, which alone made a view possible, and es- 
sentially facilitated the study of the influence of weather on the migra- 
tion of birds. It may not therefore be injudicious to here refer to an 
attempt to represent graphically the migration of birds and the com- 
position of the avi-fauna, changing with the season, as Mr. W. Stone 
has proposed (Auk, v1, p. 139). 

Besides this material of observations, made chiefly with a view to 
explaining the problem of bird migration, numerous faunal works 
have appeared—iinor local catalogues, and comprehensive works on 
the birds of larger definite geographical areas, prepared with eon- 
scientiousness and intimate knowledge. No one perhaps can value 
these avifaunal works more highly than the writer, with regard to their 
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importance for the determination of the migration routes. External 
circumstances forbid us to notice all these works here, although they 
may be worth it, like those of Radde, Pleske, Olph-Galliard, Oustalet, 
Dresser, and others, and notwithstanding they contain many single re- 
sults, many valuable thoughts on bird migration. 

On the other hand, it seems proper to here call attention to some 
special investigations on bird migration in certain regions, founded on 
avifaunal material. 

Some places have long been known in the western portion of our 
continent where migrating birds collect in crowds because obstacles 
situated on the side, like seas, allow a passage here only; or, like 
mountain regions, only here leave the door open. Such highways have 
been examined farther eastward in regions which are important for the 
migration between great districts. 

From his comprehensive observations in the years 1857~79 in the 
Aral-Thian-Shan region, N. Severtzow has given us (Bull. des Nat. Mos- 
cow, 1880,) a very brief view of the highways where the greatest 
numbers of birds of passage congregate. He designates cartograph- 
ically three groups of such routes: A, through the Kirgheez steppes, 
from the river Ural to the Sir, characterized by the enormous number 
of merely passing birds; B, along the western border of the Thian- 
Shan mountains, distinguished by a tolerably large migration, and by 
the circumstance that the native summer birds give way to winter 
guests; and C, through the interior portions of the range mentioned, 
known chiefly by the annual change of species just alluded to. The 
wintering on the routes B and C is owing to the warm springs existing 
there. 

Severtzow mentions further the connection of the routes named 
with the known migration routes along the Irtish and the Ob on the 
one side; on the other with their presumptive continuations in Persia, 
Afghanistan, Punjab, and in the region of the Indus. He designates 
the Altai as a region whence the migration routes diverge: in the 
southwest toward Russian Turkestan; in the south towards the des- 
ert; and in the southeast towards China. The movement of the birds 
of passage in a vertical direction from the highland of Thian-Shan 
and Pameer towards the low grounds is also suggested by him. 

Referring to the details to be specified later, Severtzow here com- 
muniecates some general points of view (pp. 282-284). The course of 
the steppe routes depends on the existence and situation of the waters 
in them. On the other hand, the general extent of the lofty Thian- 
Shan range compels the flocks moving at a short distance from it to 
follow a general direction from east northeast to west southwest; 
therefore, great masses of birds of passage are pressed together on 
the western border of the range (Tschemkend-Tashkend), while these 
masses can spread out again to the northward, as also to the south- 


ward. 
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“This divergence toward the north (more or less considerable) de- 
pends essentially upon the fact that each species has its particular 
routes, the direction of which is modified according to the nature of 
the localities which suit this species, and which it seeks also during its 
migrations, at least for stopping places; and for this reason the migra- 
tion routes even of a single species, starting from different parts of 
the region which it inhabits in summer, are not parallel, but for many 
species convergent towards the south, for many others divergent. 
This applies much more forcibly to the routes of a number of species 
which, in the season of migration, concentrate in some locality par- 
ticularly abundant in birds of passage.” 

The author therefore categorically maintains that the individual 
species, according to their peculiarities, are dependent on the topo- 
graphical relations of the territory through which they migrate, and 
that the routes of each species accordingly assume a particular 
geographical form. 

In the same spirit Prof. Menzbier also reports (1886, Bull. Soe. 
Nat. Moscow) on the results of his investigations on the migration 
routes of the birds in European Russia. He unconditionally joins 
those inquirers who maintain that each species moves along: peculiar, 
strongly marked routes, because during the migration they are de- 
pendent upon the condition of the country through which they happen 
to be passing. He agrees in dividing the routes according to their 
topographical character into categories, which, however, are compli- 
cated by transitions. 

He also lays stress upon the fact (pp. 333, 351) that the relations of 
the ground and the conditions of procuring food do not always suffice 
to explain the situation of these routes; but that the routes mark 
fairly well the ways along which a species has once migrated, and 
that about the same ways are still utilized as a result of inherited 
tendency. (Compare on this subject the writer’s Zugstr., cap. x, as 
also Weismann.) 

Menzbier furthermore refers (p. 354) to the importance of the spring 
stragglers (compare Palmén, Zugstr., ix, p. 238 st seq.), which under 
favorable circumstances may remain in a region where they have ar- 
rived by chance, and, nesting there, may change the bird fauna in a 
characteristic manner. Finally the author discusses the order of 
migration of the individuals, and appears to favor the belief that they 
change their relative positions (Voriiberzug). In conelusion, he de- 
clares that migration routes in the course of time, in consequence of 
geological changes in the topography, may pass from the compass of 
one group into that of another. 

To these results, which agree with those of the writer, Prof. Menzbier 
adds corrections of some of my statements and conclusions, which are 
worthy of acknowledgment. The conclusions reached in the years 
187476 respecting the migration routes were founded on facts which 
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certainly suffice in a measure for the western and central portions of 
Europe, but not for European and Asiatic Russia. The more abundant 
material of observations now available from the latter continental dis- 
tricts shows that the conclusions based mainly on the oro-hydrographie 
conditions in the West do not fully answer for the more eastern parts 
of the palearctic region, where the ground takes another form. Many 
species of birds (for example, Hamatopus, Strepsilas, Totanus calidris, 
Limosa rufa, Phalacrocorax carbo), which in western Europe migrate 
along the seashore, breed and migrate also in the interior of continental 
Russia, along rivers, salt lakes, and on the steppes. Harelda glacialis 
moves regularly along the Kama and the Volga, as well as behind the 
Ural, along the lakes—is even said to nest here—and winters on the 
Cespian Sea. These birds belong, therefore, in the East, to the group 
submarino fluvio-lacustres. 

Accordingly, Prof. Menzbier distributes the birds of passage in some- 
what different manner. He thinks that glacial littoral. routes do not 
exist,* and groups the accepted routes also in another manner in the 
different categories. The following table shows the respective arrange- 
ments of the last-named writers: 


Palmén, 187476. Menzbier, 1886. 


A. View (aves) migr. aqr. 
I. pelagica. 


Il. litorales. 1. View (aves) marine litorales, 
a. glaciales-lit. 7 
b. pelagicw-lt. “. pelagicw-lit. 
ce, marine-lit. b. marine-lit. 
2. Vie (aves) continentales and submarine 


litorales. 
‘ : ( e submarine-lit, 
d. submarine-lt. dd. subm.-fluvio-lacustres. 
c. fluvio-lacustres. 


ti Sif tf. fluvio-litorales. 


7 G (Oe 
Ill. Palustres. gy. palustres. 
B. Vie (aves) migr. terrestres. 
IV. Various groupsnot distinguished. h. continentales, 


After Prof. Menzbier has in this way considered and grouped his mi- 
eration routes from the standpoint of their peculiar topographical char- 
acter, he dicusses them with regard to their geographical position. 
The author designates on two maps the routes of Huropean Russia 
found by him, basing his work on his considerably greater material 
from that country—greater because new observations were at his dis- 
posal, and above all because he has brought more southern species 
also within the scope of his investigation. 

The question therefore is less about routes of individual species, for 
the author himself says (p. 320) he has paid little attention to such, 


*His report of my division of the category ‘‘riw pelagica” (p. 6) 1s not correct. 
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than about routes of communication (highways), which lead certain 
groups of migratory birds from their habitats in Buropean Russia to 
their winter stations. This already appears from the names of the 
routes: Via norwegica, Via baltica, Via pontica, Via caspica. These 
all follow, at least partially, greater bodies of water, but receive their 
supplies also from the interior of the country. All the ways on the first 
map correspond more or less directly to the routes which are settled 
upon in the writer’s work. 

On the other hand, Prof. Menzbier’s representation contains entirely 
new assertions about the continental routes (map 2). According to 
the writer’s method—but without giving fully the material of observa- 
tion, which is now indispensably necessary—he has studied the habi- 
tats of 13 eastern species of birds with reference to their geograph- 
ical distribution, and finds this explicable only by the assumption of 
certain migration routes, which he designates upon the map without 
claiming to have thereby exhausted the question (p. 349). In the text, 
he completes their continuation towards the east. The routes are pro- 
vided with names in the same sense as those before mentioned: (1) 
Via sibirica begins in the northern half of European Russia and passes 
in an easterly direction through the Siberian plains, on one side to the 
sources of the Ob and Irtish, on the other side to Lake Baikal, along 
the northern slope of the Ekta-Altai, out of Dauria in a straight direc- 
tion towards Urga, and through Gobito the Ala-Shan. A branch goes 
besides to the Kuku-nor. ° Individuals for example of Emberiza aureola 
from European Russia might winter in southern China, and those from 
southeastern Siberia might pass through southern China to winter in 
East India. (2) Via turkestanica also leads from the northern half of 
European Russia and from western Siberia, but towards the southeast, 
between the Caspian Sea and the Thian-Shan (therefore in part Sey- 
ertzow’s highways), to the winter quarters in northwestern and central 
India. (3) Via transcaspia, (partly coinciding with V. caspia), leads to 
winter quarters on the southern side of the Caspian Sea and the steppes 
lying to the east of it, as well as probably to the upper Oxus and 
the sources of the Indus. In eastern Asia this way might in part co- 
incide with the Via sibirica. (4) Via anatolica leads out of the Kirgheez 
and Calmuck steppes to the Black Sea, through the Bosphorus to Asia 
Minor, Syria, Palestine, and northern Arabia. 

As a matter of course, Prof. Menzbier has founded these assertions 
on the material which was at his disposal. The facts themselves were, 
however, as before stated, not laid before the reader in detail, but in 
short abstracts, accordingly all his conclusions relating to the posi- 
tion and the ramifications of these routes are withdrawn from all con- 
trol, and from any improvement in consequence of newly discovered 
facts, It is therefore quite impossible for the writer to judge secien- 
tifically these routes of Prof. Menzbier. Only personal opinions, formed 
according to analogies. can be entertained on this subject; and the 
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writer will by no meaus pass off his objectious as critically weighed 
refutations. 

These continental ways appear to me in a great part very doubtful. 
The routes from west to east especially are of an enormous length, 
like that from the Dwina to South China, lead entirely through the 
interior of a continent, without the guidence of a homogeneous well 
characterized conformation of soil. and touch alternately great forest, 
desert, and mountain regions. It is difficult to conceive how birds of 
passage could find their way on this route. It seems much more prob- 
able that we know too little just now about the occurrence of the species 
examined, some of which are difficult to distinguish, and that their 
winter stations are eventually to be sought much nearer, at the most 
in the regions whither Severtzow’s routes lead. In the meantime, I 
will not venture upon a scientific judgment in this respect until the 
author submits the facts on which his opinions are based. 

After this short statement of the development of the question of the 
migration of birds, the writer takes the liberty to cast a retrospective 
view upon it. In the study of the migration of birds, two kinds of 
material for investigation present themselves—the avi-phenological and 
the avi-faunal observations. Since the first-named were collected for 
this very purpose, it was at first thought that the investigation should 
be commenced on this side. The avi-phenological material explains 
the times of migration, and from these results an attempt was made to 
infer the directions of the migration. Nevertheless these results ap- 
peared too inexact to serve as a starting point for further investiga- 
tions. Anattempt was therefore made to take the opposite course, 
first to fix the migration routes from the avi-faunal material, and after- 
ward to employ the method just mentioned with regard to the times of 
migration. 

An attempt to fix geographically the routes of some species of birds 
proved that the question could be advanced in this way. The need 
for more abundant material now made itself felt, and new observatious 
were zealously collected year after year in different countries. 

It must be conceded that at present very considerable energy is 
devoted to the investigation of the distribution of birds and of the 
secrets of their migration. The annual reports, which contain obser- 
vations from numerous stations, are multiplying. This gratifying 
increase in the material of facts which are to extend and deepen our 
knowledge of migration. is characteristic of the ornithological inquiry 
of the past years. It is to be desired that these efforts may continue 
and may be further completed, and that in consequence the quantity 
of material shall go on increasing. Nevertheless the condition of af- 
fairs may also examined and judged from another side. 

In such investigations the quantity of observations will certainly 
not alone decide the question. The material is also to be treated 
scientifically. The inner connection of the facts and their fitness to 
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form a basis for conclusions must be tested, in order that we may judge 
whether the method adopted is adequate or whether it can be com- 
pleted in any way. 

It seems high time to consider the matter from this point of view 
also, if the scientific character of the investigation, and with it its pur. 
pose also, is not to be laid at stake. 

That this conception is shared by others we know from the fact that 
the result of nine years of British observations is now subjected to 
scientific treatment whose results will surely advance our question; 
further, from the fact that in North America, in a region where the 
conditions of the ground offer only small difficulties to the judgment of 
the direction of migration, an investigation of the time of migration 
and of the relation of the migration to the meteorological conditions 
has been undertaken, which has disclosed new points of view. The 
systematic observation of bird migration along certain lines, started in 
Hungary in the year 1890, and a statement of which is expected on 
occasion of the Second International Ornithological Congress in Buda- 
Pesth, also affords proof that we are not now satisfied with mere obser- 
vations alone, but want these used scientifically, and that hereby new 
demands will surely be made of the observation in future. 

Because therefore at present the existence of geographically fixed 
routes for the individual species is becoming more and more acknowl- 
edged, and these are to be determined from the material at hand, it 
seems timely to discuss the question according to the method to be 
employed. 

Two different methods seem to present themselves, both of which 
have their advantages and disadvantages : (1) The migration routes 
of all the species of a certain district are examined by the investi- 
gators of that district and reproduced cartographically: (2) One species 
for itself is examined monographically in the largest possible geographi- 
cal area and reproduced cartographically. 

The first method offers many advantages. The workers concerned 
are masters of the language of the district, and the entire local litera- 
ture is accessible to them, even to the most insignificant writings. 
They can judge of the reliability of the observers at each station, exer- 
cise a final control, and complete certain points by correspondence. 
At all events the native inquirers will thus be able to more completely 
group all the facts from a given country, as well as to watch over them 
critically. In the second case the monographer can study more closely the 
species treated by him, then special variations, their nature, as well as 
also the specific peculiarities of their flight. He will perceive more read- 
ily the difference in the flight during the successive sections of the 
route, or on different routes; in short, the route as a whole ean be 
judged in a more exhaustive manner. 

In the first method the following disadvantage becomes apparent: 
that in every country, unless it is a very large country, we get only 
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fragments of migration routes, which perhaps can not be brought into 
continuity with those of the neighboring regions. On the other hand, 
difficulties will arise in the second case regarding the use of the literary 
sources of information. It would seem therefore the most practical, if 
by a combination of the two methods the advantage of each could be 
kept in view. 

In a practical view, it would be advantageous if in every country 
all accessible data on the occurence of all the species met with in the 
region should be brought together into a national avifauna, in which 
details also could be accurately specified in concise form. Although 
the writer by no means under-rates the importance of such a work to 
the population of the country itself, yet attention must be called to the 
general advantage which science might derive from the translation of 
such a work into other modern languages. As a model work of this 
kind, I take the liberty to name Pleske’s Ornithographia Rossica. 

It would also be very much to the purpose if at the same time the 
habitat of the individual species could be indicated cartographically, 
as has already been done in Germany and Switzerland. By such work 
the investigation of migration routes would be greatly facilitated. The 
more complete the material at hand, the more suitable appears the method 
of determining the route of each species for itself. At least the writer 
would unconditionally give the preference to this method. 

Finally we come to the question of the distribution of the work. The 
writer takes the liberty to urge once more that a choice be made of 
species to be investigated, because at present we are stillat the thresh- 
old of the investigation, and it seems advantageous to first take up 
the less difficult species. Among all the categories of birds of passage, 
the littoral without doubt move along the routes easiest to be deter- 
mined. Among the continental, on the other hand, those which avoid 
high mountains, like the swallows and their congeners, might be easier 
to stud¥. 

One more division of work appears to me advisable. Since every in- 
quirer is specially interested in the species of his own country, it might 
be suitable for the northerners to investigate their species with regard 
to all their migration routes, the southerners in like manner theirs; fur- 
ther, that the eastern species of the palearctic region should be taken 
up by those who are masters of the literature relating to them. That 
the chief interest of the Americans is directed towards their own 
species, they have already proved by the fact. 

In ascertaining the migration routes of a species, it would be indis- 
pensably necessary to record all facts which contributed to the result; 
then only can the conclusion drawn from such premises, the migration 
route, claim real validity. The cartographic representation of the ma- 
terial, when at all possible, is highly to be recommended. 

A model procedure for the investigation of the individual species 
can not be prescribed. It is rather to be expected that each inquirer will 
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Jearn something from the practical methods of the others, The manner 
of representation will then develop of its own accord, 

Tn conclusion, it is hardly necessary to call attention to the fact that 
a very inviting field of inquiry, in the same direction as that entered 
upon by Prof. Cooke in America, is open to those ornithologists who 
are sufficiently versed in practical meteorology. It is however to be 
foreseen that the phenomenon will be much imore complicated in Eu- 
rope, and that for this reason the investigation is to be commenced with 
those species whose routes have already been fixed geographically with 
some degree of certainty. 
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SECTION FROM PALMEN’S MAP OF THE MAIN MIGRATI (e) 
EXCEPT FLUVIO-LITTORAL, BIRDS IN EUROPE; IN UEBER DIE ZUGSTRASSEN DER 
VOGEL, LEIPZIG, 1876. 


THE EMPIRE OF THE AIR: 


AN ORNITHOLOGICAL ESSAY ON THE FLIGHT OF BIRDS. * 
By Ls Ps Mouruarn, 


INTRODUCTION. 


If there be a domineering, tyrant thought, it is the conception that 
the problem of flight may be solved by man. When once this idea 
has invaded the brain, it possesses it exclusively. It is then a haunt- 
ing thought, a walking nightmare, impossible to cast off. 

If now we consider the pitying contempt with which such a line of 
research is appreciated, we may somewhat conceive the unhappy lot 
of the poor investigator whose soul is thus possessed. 

Many of these searchers, either through pride or through timidity, 
have withdrawn themselves from human intercourse, and have found 
themselves paralyzed by attempting to carry on their experiments in 
secret. They quickly found themselves so cavalierly classed as dream- 
ers or aS lunaties that they were compelled, under pains of complete 
discredit, to conceal from others this so-considered flaw in their intellect. 

It must however be acknowledged that this persecution has much 
diminished during the past decade. We are no longer classed with 
the seekers for the quadrature of the circle, or for perpetual motion. 
There “has been progress since Charles, Janssen, Quatrefages, and 
other recognized scientific anthorities, have been bold enough to affirm 
that they believed that the problem can be solved. We no longer risk 
the lunatic asylum, but the general public stiil considers us as mentally 
unsound. 

The public understanding, moved by the assertions of some scientists, 
has made some progress. There were two roads to possible success, 
the one broad, beautiful, smooth, and bordered with flowers, but after 
all leading to no result; it was that of aérostation, of balloons lighter 
than the air. The other way was contrarywise, a rough, narrow, 
rugged path, bristling with difficulties, but still leading to something; 
it was that of aviation, of rapid transit by machines heavier than the 
air. Most of would-be inventors have taken the easy road, and from 
the height they have gained, pityingly look down upon the unforttnate 


3 Extracted and translated from a work entitled “ L’/Empire de lV Air; Essai d’Orni- 
thologie appliquée a V Aviation.” Octavo- pp. 284. Paris, 1881. 
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aviators still floundering in the quagmire, with little thought that 
they may have to come down to this same quagmire in order to get 
somewhere. 

O! blind humanity! open thine eyes and thou shalt see millions of 
birds and wyriads of insects cleaving the atmosphere. All these 
creatures are whirling through the air without the slightest float; 
many of them are gliding therein, without losing height, hour after 
hour, on pulseless wings without fatigue; and after beholding this 
demonstration given by the source of all knowledge, thou wilt acknowl- 
edge that Aviation is the path to be followed. 

It is therefore apparatus “heavier than the air” which I propose to 
study ; and I mean to grasp the monster by the horns. I expect to 
have as a guide and as a support that potent creator of all prodigies, 
Nature herself. 

She has wholly ignored the principle of “lighter than the air” in 
designing her creatures, and all her flying animals are heavier, much 
heavier, than the air which they displace. We can not err if we faith- 
fully follow her teachings. 

There are two methods of investigating such an arduous problem; 
one may be termed the “closet” and the other the “open air” method. 
The first calls in the aid of mathematics, it applies them to some few 
observations, more or less defective or irrelevant, and relying upon 
this fragile foundation, 1t expresses by a goodly show of equations all 
that the observations teach—and generally a good deal more. 

Mathematics are doubtless useful, but they are less indsipensible 
than is generally believed towards the solution of this difficult problem. 
This arises from the fact that the basis of operation, the formula, is 
always erroneous. 

Nothing seems more simple than to say: ‘‘ Given, that we know that 
V, R, and P, are equal to some other compound factors, then it must 
follow,”—and then quadractic equations and calculus come in, and the 
student reaches a final result, which completely disagrees with the 
facts. 

When we start from false premises, we arrive at some conclusion 
just the same, but it is not the object sought. But even if the formule 
be correct, it is certain that for ninety-nine in one hundred intellects, 
including even the computer himself, a mathematical result will never 
be as convincing as a clear explanation of the phenomena, or what is 
much better a conclusive experiment. 

Thus, I conceive mathematics to be an interesting instrument of re- 
search, but not a convincing argument. I will not resort to them as a 
means of persuading others of the probability of success, because I feel 
well convinced that I never will meet with anybody willing to hazard 
his life upon the bare dictum of a formula. 


, a) 4 1 1a 7 . at o . “YP 
Histor ical.—There is nothing new under the sun ; and for the problem 
of flight, as for many others, this old proverb is true, 
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In the farthest antiquity the problem is presented to us as having 
been solved by Icarus. What is there absolutely impossible in that 
assertion? With close observation, good sense, and inventive faculty 
success may be accomplished; Icarus, perhaps, had these marvellous 
good gifts. - - - 

At a later period, balloons came with their enormous bulk athwart 
the question ; for eighty years they obscured the way to success. They 
led men’s minds estray into conceptions without issue, and inventors 
have all, one after the other, brought up against the impossible. - -— - 


Balloons.—At the first glance there seems to be a close connection 
between the power of ascending into the air, and that of progressing 
through it, and yet half a century’s consideration has shown that there 
is a profound abyss between these two orders of ideas; they prove in 
point of fact to be directly opposed to each other. 


THOUGHTS ON AVIATION. 


I have already said that Nature, provident, infallible, always know- 
ing far more than the most attentive study can teach us, points out to 
us the way to imitate her works. 

Let us not seek to be wiser than she: let us in all simplicity follow 
where she leads; thus shall we arrive at a result easily, without fa- 
tiguing our brains with that Chinese puzzle,—that mathematical com- 
pounding of x and y and z, which at the present day invades all ardu- 
ous questions. 

By merely observing with close attention how the winged tribes per- 
form their feats, by caretuily reflecting upon what we have seen, and 
above all, by striving correctly to understand the modus operandi ot 
what we do see, we are sure not to wander far from the path, which 


leads to eventual success. 
a 


Methods of Observation—Yo be really fruitful, observation must 
possess several peculiarities and qualities. In the first place, we 
must see accurately and then we must understand what we have seen, 
and then again we must apply our acquired knowledge to the de- 
tailed investigation of the performances of the great masters in the 
art of flight. 

To see accurately, it is not only necessary to have good eyes, to know 
how to keep in the field of the telescope a bird going at full speed, but 
still more, to know what to look at, what it is important te observe. 
For instance, when an amateur, little accustomed to this kind of 
observation, hears an expert affirm, peremptorily, that the little black 
dot just perceptible in the sky is a male kestrel falcon (Faucon 
crécerelle), he fancies the expert to be wool gathering, and yet the 
assertion is quite true. 

Giyen the black dot perceived by the expert, who has ac juired skill 
in such obseryations, a kestrel falcon is vasily recognized in the air, 
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whether in soaring or in flapping flight; its long tail is a sure index; 
there is no possibility of confounding it with a raven, a buzzard, a kite, 
or even with some other species of faleon; its peculiarities are too 
plain. Now, as to the determination of the sex, nothing is easier. 
One need only observe the bird for a few moments, the male discovers 
himself by the petulance and rapidity of his beats, by the energy of 
his movements; the female is more supple and less ardent in her mode 
of cleaving through the air. 

As for the “Pharaoh’s chicken” (Perenoptere), the case is again 
easy. Afar off it may be distinguished amid a flock of kites, which it 
often accompanies, by a slight peculiarity in its flight, a remarkable 
unsteadiness in its forward progress, also by the narrow width of its 
wings, and by their decided rectilinear set athwart the body, for they 
are partly folded or flexed only when the wind is very strong. As to 
the male bird, he may be distinguished from the female as far as the 
eye can reach by his color, for he is white and the female is dark 
brown. 

The great tawny vultures (Gyps fulvus) are to be recognized by their 
steadiness in soaring, by the amplitude of their circling sweeps, and 
by the majestic deliberation of their movements. 

The arrians (Vultur monachus) and the oricous (Otogyps auricular) 
are noticeable by the exaggeration of all these latter qualities and by 
a darker plumage. 

As for the bearded griffin (Gypaétos), its long tail, broad and rounded, 
easily discloses him atar off; there is no bird of similar outline among 
the large soarers. 

Here then in all its simplicity, is the explanation of a feat of dis- 
cernment which generally astonishes the inexpert. In order to deter- 
mine accurately the kind of bird seen afar off in full flight, it is simply 
necessary to have observed it long and well. When eagles have 
started off within 50 yards, and the eyes have followed them many 
times, the evolutions have become photographed on the memory ; and 
later, on other occasions, when the samme rhythm of movement is per- 
ceived, there is no longer need to concentrate the attention on the 
Shape of the claws to determine whether the bird in view be an eagle 
or a vulture. - 

Close proximity is greatly to be desired in studying the mancuvres 
of birds. I have been enabled to observe at very close range several 
kinds: the crows, the kestrel falcons, the peregrine falcon, the kite, 
the Egyptian vulture, the pelicans, the tawny vuitures, ete., have 
yielded many of their secrets to me. 

I will not here amplify on what I say as to the crow and the kite in 
the chapter devoted to them; in Cairo it is easy to touch the latter 
bird in full flight, by going about it dexterously, but the most stirring, 
exciting sight (the word is not too energetic) is to stand in the vulture 
roost on the Mokatan ridge, near Cairo, and to look upon the Gyps ful- 
pus, passing within five yards in full flight, . 
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How useless to seek to describe this spectacle! When these enor- 
mous birds rush by so close to you, an astonishing rustling may be 
heard; the great primary feathers vibrate like tongues of steel, and 
flex upward to a quarter circle under the fifteen pounds of bird they 
bear. 

There the great vultures gather in hundreds; the ‘‘Kgyptian vul- 
tures” are no longer to be reckoned, they are but a garnishing, while 
the kites creep in among the lot and make themselves small, and the 
great raven (Corvus corax) incessantly croaks against the invasion of 
his domain. Beak blows are numerous; each smaller bird must keep 
his distance, for if he passes within neck length, a savage peek he 
gets from the vulture. The larger birds are scarcely more amiable to 
their own species; if interference threatens in alighting, a skill warn- 
ing cry is heard, a blow impends, and the weaker must dive away, to 
begin all over again the complicated evolutions required to check the 
motion, and to alight upon the perch in safety. 

One of the maneuvres which always astonishes the observer is the 
alighting. The great vultures arise above the perch at the average 
height which they generally keep above the ground—that is to say, 
some 500 or 600 yards above it. Having reached the terminus, they 
sweep around for a few minutes to inspect the topography, and then 
they determine to descend. The eagle comes down like a meteor; he 
is so powerful that he can control his movements at 100 miles an 
hour; but the great vulture has no such strength of pectoral muscle. 
He drops perpendicularly like the eagle, but he seldom folds his wings 
to gain speed. He would come down too fast, aud the descent is some- 
times very great; for I have seen birds which were already in full 
descent when first they appeared at the zenith, say at a height of 
nearly 2 miles. If they had then folded their wings, and allowed ac- 
celeration to occur, they could no longer have controlled their velocity ; 
they would have been disabled, for their power would then have been 
inadequate to a change of direction. 

Next to close and accurate observation a proper understanding must 
be attained. This second stage 1s more difficult to reach than the first; 
and this results because we must discard many pre-conceived ideas which 
obscure the eyes of the mind. - - - Then the observations must also 
be accompanied by accurate data. 

We can no longer accept the immense dimensions and the monstrous 
weights of guess-work. We must have exact measurements and ac- 
curate live weight of birds in full health and in normal condition. 
Above all, it is indispensable that the observer shall be enough of 
an ornithologist to determine at once the species and peculiarities of 
the bird he is looking at; not merely on the dissecting table, but also 
afar off, on a perch, and especially in full flight. 

This knowledge is to be acquired neither from books nor from 
museums; it must be obtained by much conning of the great volume 

H. Mis. 114 26 
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of nature, by taking account aud thought of the various movements, 
operations, and evolutions of the birds, by becoming acquainted with 
all their maneuvers, and above all by understanding them correctly, 
the how and the wherefore. Without all this information success is 
not possible. If the man does not clearly understand what the bird 
does and intends in a given position and a certain conjuncture, how 
can he hope to imitate its flight? 

The observer must constantly set problems for himself, in the hope 
that occasionally the bird will demonstrate a solution. Thus, I was 
convinced, a priori, that an expert soarer could, in a fresh breeze, 
rise directly into the air and advance against the wind at the same 
time. I felt sure that the feat was feasible. I waited for years before 
witnessing this evolution. At last one day in Africa, two eagles in 
love afforded me this spectacle. One of them launched from the top 
of the ash tree which served as a perch, descended against the wind 
6 to 10 feet, was raised up by a gust of wind, and thus continued to 
rise, Slowly, steadily, for a hundred yards into the air, while he also 
advanced some 50 yards against the wind, without a single beat or im- 
pulse of his mighty wings. 

Such convincing demonstrations are not to be seen every day; they 
must be persistently awaited; the observer must burn with the sacred 
fire; he must be drawn to the study of flying creatures by that unde- 
finable enthusiasm which shall cause his heart to throb when he wit- 
nesses certain evolutions. - - - 

It is but rarely that a bird manceuver 1s absolutely incomprehen 
sible; for peculiarities and motives not understood upon a first demon- 
stration are explained by fresh observations made under happier condi- 
tions. In all cases, to learn the how and wherefore, the study must 
be a labor of love. 

All my life shall I remember the first flight which I saw of the Gyps 
Julous, the great tawny vultures of Africa. Iwas so impressed that all 
day long I could think of nothing else; and indeed there was good 
cause, for it was a practical, perfect demonstration of all my precon- 
ceived theories concerning the possibilities of artificial flight in a wind. 
Since then I have observed thousands of vultures. I have disturbed 
many of the vast flocks of these birds, and yet, even now, I can not see 
one individual passing through the air without following him with 
my eyes until he disappears in the distant horizon. 

Fruitful observation requires that the model be well chosen. Ordinary 
observers are confined to the bad examples which are found in their 
locality. They can only study the flapping birds—the pigeons, the 
bats, the little insects even. What good is to be got from studying a 
model which can not be imitated on a larger scale? It is impossible to 
reproduce an insect, a sparrow, even a pigeon, upon proportions which 
will carry a man, No material will bear the strains of wing beats as 
energetic as those of the sparrow, Steel itself is too weak in proportion 
to weight. -  --: = 
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Common sense indicates that the weak can only aspire tolight tasks. 
Which then are the birds that expend the least energy? They are 
clearly the soaring birds, sweeping over great distances, by the sole 
power of the wind. mS 

* * * * * * * 

The vulture’s needs are few, and his strength is moderate. To earn 
his living he but needs to sight the dead animal from afar. And so 
what does he know? He knows how to rise, how to float aloft, to 
sweep the field with keen vision, to sail upon the wind without effort, 
till the carcass is seen, and then to descend slowly, after careful recon- 
naissance and assurance that he may alight without danger, that he 
will not be surprised, and compelled to percipitous and painful depart- 
ure. And so he has evolved a peculiar mode of flight; he sails and 
spends no force, he never hurries, he uses the wind instead of his mus- 
cles, and the wing flap occasionally seen is meant to limber up rather 
than to hasten through the air. And so the true model to study is the 
vulture—the great vulture. Beside him the stork is as a wren, the kite 
a mere butterfly, the falcon a pin feather. 

Whoso has for five minutes had the fortune to see the Oricou vul- 
ture in full sail through the air, and has not perceived the possibility 
of his imitation by man, is—I will not say of dull understanding, but 
certainly inapt to analyze and to appreciate. 


ORNITHOLOGY; SURVEYED IN FLIGHT. 


And here I must deliver a little lecture upon ornithology, from a 
point of view vital to the question, that is to say, the acts of flight,—a 
point of view, queerly enough, which is generally ignored in books. 

Flight is the bird’s chief peculiarity; it is his one good gift, so let 
us rapidly. review the acts of the creatures which travel on the air. 

The lowest class is that of the insects. All of them progress by beat- 
ing flight; they are rowers (rameurs), Save perhaps some mid-day butter- 
flies, which occasionally glide. Their wings are elastic, true planes, 
altering their shape and acting on the air through flexible torsion on 
the up and the down stroke. 

Dr. Marey has given very interesting descriptions and graphic dia- 
grams of insect flight. They are pictured motions, exactly re-produced, 
Nothing better is to be desired. 

The reptiles—supposed to be the bird’s original prototype—can now- 
adays only produce that little Bast Indian lizard, the Draco volans, 
who glides from tree to tree. He can compass but a few yards,—say, 
from one branch to another. 

But past geologic times afford much more interesting specimens. 
At the epoch of the Lias, nature produced a whole family of reptiles 
whose lives must-have been spent in the air. The pterodactyls must, 
in order to earn their living, have possessed the faculty of moving 
and sailing on the am, just as the large birds do to-day. 
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The class of fishes, as might be expected, presents few specimens of 
flying creatures; perhaps a dozen species can project themselves from 
the sea, glide a few air yards with great effort, and return to their 
liquid element. 

* * ¥ * * * * 

Flight progression is certainly the most elegant mode of motion given 
by nature to her creatures. But all birds are not equally gifted although 
each animal has modes of flight appropriate to his needs, for life depends 
on this. 

Which of all the birds is best endowed for flight by nature? A ques- 
tion often put, and answered many ways. 

Is it the eagle, with his majestic sweep? He is certainly great; the 
king of the air; but the humble pigeon outstrips him in the sky, as the 
greyhound flashing by the mastift. Is it the frigate bird, with his great 
spread of wings? Assuredly no, I answer; there are circumstances 
when the frigate bird can not rise from the ground. Is it the group 
of the great vultures? These may be the best for man to imitate, 
but for speed, for endurance, for quick evolution, their vast wings re- 
quire too much space to produce modes of flight entitling them to bird- 
life primacy. A condor can not get under way and rise like a sparrow. 

May it not then be the charming swallow, so lively, so quick, so agile? 
Alas! no; her great proportion of wing surface is the sport of a gust of 
wind. Her small mass is insufficient in great currents of air. The 
sparrows are after all the best endowed for bird flight and bird life. 
Speed, quickness in action, difficult feats, constant readiness, all are 
compassed by them. And yet these birds during their whole year, do 
not flit as far as sea birds in a month. 

From these remarks it is safe to conclude, and to say to ourselves, 
that each bird flies perfectly, according to his needs. Yet, from bird 
point of view, the sparrow approaches the type of perfection. As to 
speed, he may outstrip the pigeon; as to power, he can rise vertically 
to considerable heights; as to journeys, he equals other birds, for he 
also has his periodical migrations. 

This selection may at first sight appear curious; but it will be re- 
membered that it is only small birds which compass all the monstrous 
difficulties of flight. The warblers, the sylvias, the humming-birds, 
are constantly performing astonishing feats and gymnastics; they are 
athletesandacrobats, We may even at this point formulate an ornitho- 
logical law, and here it is: The proportional power is in direct ratio 
to the smallness of the bird. 

We do not generally appreciate this power; and yet let us observe 
the metallic elasticity of the warbler’s muscles, in its zigzag flashing's 
in pursuit of a fly; observe the wings’ pulsation, vibrating like tongue 
of steel, and almost producing harmonie notes; and conceive of the 
energy spent in such rapid motions. A condor whose pectoral muscles 
could produce such lightning beats, needs havehis wings of steel; their 
roar would be as thunder. 
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From the bird’s point of view, the sinall are best endowed; but their 
power, skill, and life, man can not re-produce. If he is destined ever to 
cleave the azure, he must seek his model more nearly of his size. 


Varieties in forms of wings.—Ornithologists have divided the differ- 
ent forms of wings into two groups: the acute wings and the obtuse 
wings; then again these are sub-divided into the super-acute and sub- 
acute, the super-obtuse and sub-obtuse. 

This classification, however excellent it may be, is not sufficient. 
In order to explain satisfactorily the numerous facts observed concern- 
ing flight, we must have more data than are furnished by these divi- 
sions, which are too vague and general. Wemust take account of the 
amount of wing surface, in proportion to weight, of the length of the 
wing in relation to its width, and to the mass of the bird; m fact we 
must consider many circumstances, which render it necessary to study 
each family by itself, in order to reach satisfactory conclusions. 

As a result of the study of all these conditions—a study to be found 
farther on,—we may now establish a series of principal divisions, 
which may be condensed under the remarks following. 

It may be safely affirmed: that a bird with long and wide wings is 
well equipped for soaring flight. A gift which goes on increasing with 
the mass; that the bird with long and narrow wings is well equipped 
for gliding in great winds, and that this gift also increases with the 
mass; that short and wide wings (in proportion to body) indicate and 
produce a flight of small extent; finally that short and narrow wings 
denote great rectilinear speed. We may even lay down the law: 
Velocity is in inverse ratio to wing surface. 

This, be it understood, applies to birds which fly, for else the ostrich 
and the apteryx would be the most rapid of birds; but we may say that 
among flying birds velocity, straitforward, increases as the propor- 
tional surface diminishes. It must be so to sustain the increased rela- 
tive wei@ht. Every sportsman knows the astonishing speed of ducks, 
teals, loons, etc., and the slowness of herons, lap-wings, and barn owls. 

It is useless to enlarge upon these fundamental principles, for we 
shall find them constantly explained and applied in our studies of the 
flight of each feathered family. 


The tail of birds.—The tail, as an apparatus, serves to sustain, to 
direct, and to preserve the equilibrium. - - - Itis a useful organ, 
but not indispensable. A bird who has been deprived of its tail will 
fly, with its own particular mode of flight, after some days’ practice, 
and without much variance or difficulty. - - - Many birds which 
are expert flyers have scarcely any tail: the herons, the albatross, the 
ducks, the teals, the pelicans, the gulls, etc., ete. 

Again, the tail may be large or small without apparent reason. As 
witness the turtle-dove and the Egyptian dove, the magpie and the 
jay, the vulture and the tumbler eagle. 


Great size of tail always indicates feeble tight, especially when the 
appendage becomes very large. 

We may neglect to consider this organ, as giving but vague indiea- 
tions of its utility, yet if we must account for the final cause, for the 
necessity for this organ, particularly when it is well developed, we 
arrive at the following deduction: - 

The tailof birdsserves as either anernament or as an organ for Hight. 
The ornamental consideration concerns us not, it may here be neglected. 
As an organ of flight, we may be enlightened as te its use by the fel- 
lowing description of a maneuver witnessed. 

A kestrel falcon was skimming close along a hedge, almost at ground 
level; its speed was moderate and its direction straight; when all at 
onee—as if moved by a released spring, it darted a right angle and 
pounced upon a lizard. The angle deviated was precise and the action 
of incredible swiftness. Te perform this, the bird used its tail: it 
absolutely needed this rudder, so ample and powerful. 

Here we see the use of a great development of this organ of locome- 
tion: it permits surprising the prey by a sudden change of direction. 

It seems probable that the powerful tail of the gypaétus is destined 
for the same function: his mode of hunting among the rocks, deliver- 
ing great body blows must be facilitated by ifs ample and powerful 
tail. 

In fine, the tail best serves in pursuing the prey, but is not indis- 
pensable for long-continued flight, as Indeed may be proved by remer- 
ing it from the bird. 

We then conclude that the tai?’s chief use is In producing rapid 
changes of direction; and curiously enough when the bird does net 
employ it, his flight is always straight. This may be formulated as 
follows: Aptitude for changing the direction of flight is in direet 
ratio with the amplitude and power of the tail. 

It is only from the theoretical point of view, from its application to 
artificial flight, that the utility of this organ is here disregarded. The 
~ equilibrium may be maintained upon two points of support, as witness 
our legs, stilts, the velocipede, ete, yet we must acknowledge that 
in practice a third point of support becomes very useful: it introduces 
absolute stability. and minimizes that constant strain on the attention 
required to avoid falling. 

Therefore a third point of support obtains even among birds with 
rudimentary tails. For example, the pelican dazzles not with the 
development of his caudal appendage, but we may note that the gen- 
eral form of his body supplies the deficiency. When in fall flight he 
presents the following attitude: (See Fig. 1.) 

Tt will be observed that his arm and his forearm form pronounced 
angles, like those of a flattened letter M, and that he may shift his 
center of gravity by playing these wings back and forth without com- 
promising his equilibrium. This leads, incidentally, to another formula: 
Birds without tails all have the forearm very long. 
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The tail to be effective requires that the speed, or the wind, shall 
be great (these are equivalent in aviation), for if the bird had no other 
means of steering, his movements would be dreadfully hampered at 
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Fu. 1.—Pelican in flight. 


low speeds. He substitutes. as we shall see, for this imperfect action 
other and more energetic means of changing his direction. 


The flight of the flapping birds.—Let us view the bird when first he 
means to start. He is on the ground: he crouches to spring up, letting 
his wings hang down loosely. 

Let us analyze this first movement. The wing is divided into three 
planes, one formed by the humerus. another by the radius and the 
ulna, and the third by the hand. The result produced by the position 
of these three planes is to offer no resistance to the air. 

But this does not exhaust the decomposition of this attitude: all the 
feathers, particularly those at the tips of the wings, are so incline that 
the air is met by their edges instead of their broadsides. Still further 
we see that the wing is never raised on the up stroke at full spread, but 
well folded on itself, so as to present the least possible surface and yet 
accomplish the movement with least effort and greatest celerity. 

Now let us note the second moyement: the bird’s wing beating down 
the air. The action is simple; the wing is fully extended and stiff, the 
feathers close its whole surface, and it is concave on the under side. 
There is therefore a great difference in the result obtained between the 
up and down stroke of the wing. This difference produces the lifting 
effect in flapping flight. 

Exactly to appreciate this differeice, to feel it as it were, let the reader 
take the freshly severed wing of a large bird, grasp it by the humerus, 
and imitate the up and down stroke. This experiment will give a bet- 
ter understanding of beating flight than all possible descriptions and 
explanations. It is proximate and plain, one feels the efforts required 
by each movement, and passes judgment on them directly. The upward 
spring of the legs, and the first beat of the wings, have launched the 
bird in the air. He repeats the beats rapidly and rises, not vertically, 
but at an angle within 45°. To rise perpendicularly the bird is com- 
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pelled to reverse himself, a difficult manceuver, sometimes performed 
by pigeons in the pigeon house to limber-up their wings. 

To pass from this inclination of some 45° into horizontal course, the 
bird brings the tail into play. He depresses it, and produces through 
the pressure corresponding to the velocity (sometimes aided by a par- 
ticular light beat) a decomposition of forces which results in changing 
the course from 45° to the horizontal. If the tail is weak, he uses his 
deltoid muscles, which raise his body relatively and so produce the 
same result. In general, birds often employ both means simultaneously. 

Horizontal motion being attained, the manner of flight is slightly 
modified with increasing speed. The wing no longer beats perpendic- 
ularly, but is slightly inclined in the direction of the course in order 
to increase the speed. - - - 


Soaring flight.—Some naturalists have advanced most curious ex- 
planations of bird flight, especially of soaring or sailing flight. For 
their purpose lightness is the main requisite. They have pointed to 
the porous bones, to the spaces filled with air sometimes occurring 
under the skin of these creatures, as indispensable conditions for sup- 
port in the air. 

These are fallacies. Birds always exhibit corporal density, practi- 
cally the same as land animals. Deprived of their feathers they sink 
in water; their specific gravity is about 1, as is that of man, of mam- 
mals, and of fishes. 

To rightly explain the flight of birds, we must consider them as 
highly organized machines, which are sustained through the reactions 
produced by muscular effort: not as a balloon floating in the air, but 
as a stone glancing along the water, or a skater gliding over thin ice. 
All that apparatus described for distending the gannet, the pigeon— 
all those hollow bones of the pelican, the albatross, etc., serve flight in 
no degree. Their utility is different. 

After all, experiment is easy. Strip a bird of his body feathers, 
leaving him only the wing and feathers, and his flight will be in no way 
changed; he will get chilled, he will not be able to swim if he isa 
water bird, but he will assuredly not fly the worse. 

Let us now explain the flight of the soaring birds, or as I prefer to 
call them, the sailers. Birds soar perfectly in proportion to the mag- 
nitude of their sustaining surfaces and of the greatness of their mass. 
This is an unquestionable principle. A large bird, an average sized 
bird, and a small bird, all three having the same proportional surface 
relative to their weight, will soar the better the heavier they are. 

Let us consider, then, only the larger birds, for these alone ean effect 
the decompositions of wind-foree which produce flight without flapping 
of wing. As the sailing bird first launches out with flaps, unless from 
a perch he plunges to get speed, we will suppose him in full action in air, 


and possessing initial velocity. He will then glide on rigid wines. If 
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there be no wind he will glide to the ground, to a distance proportional 
always to his surface, and above all, to his mass; therefore an arrian 
vulture will glide farther than a tawny vulture, and this latter farther 
than an Egyptian vulture, yet they are all constructed very nearly in 
the same proportions. 

When there is no wind, sailing birds must come down; flight is not 
possible unless they choose to flap. This sore necessity rarely brings 
early birds, for the morning is usually calm, particularly in the tropics. 
But let there be a current of air, a circumstance almost always 
present at a certain height in the atmosphere; at once the scene 
changes, the sailer sweeps in circles, he rises upon the air to great 
altitudes, and thence he glides downward where he wishes to go, even 
against the wind. : 5 

Let us try to explain this circling act. The bird glides in his sweep. 
in the direction with the wind, losing as little height as possible, the 
wind imparting velocity almost equal toits own by impact in the rear. 
This push is effective: there isa good hold against upturned feathers, 
whereas when the bird turns again against the wind all feathers are 
smoothed down snug against each other and presenting surfaces of 
least resistance. ‘This difference in action is akin to the revolving cups 
which serve aS anemometers through the different resistances of the 
convex and concave surfaces.* As the bird further sweeps around he 
faces the wind, with freshly acquired velocity, and utilizes this in gain- 
ing fresh elevation. 

In all soberness is this fraction of an explanation presented; for this 
circling action is little understood and is evidently of great use to the 
bird. When he faces the wind in the sweep he describes, the bird ad- 
justs his wings and tail so as to rise slightly, his own acquired speed in- 
creasing the normal wind pressure, he rises more than he has dropped 
to develop his own speed. 

To sum*it up, there is a balance of benefit; the result, a lift pro- 
duced by the force of the wind, which does not act with equal effect 
whether the bird’s front or rear is presented thereto. 

The soaring bird repeats this circling sweep, and gains elevation at 
every lap. The greater is the mass of bird and the more nearly con- 
centric are the sweeps, especially when the breeze is light. Yet even 
among those birds best able to produce those decompositions of force 
approaching theory, the sweeps are only exactly concentric in the sole 
case when there is no wind; while he is awaiting the vivifying cur- 
rent the bird simulates the circling rise, he still sweeps around to sus- 
tain himself, but he gains no elevation. This action almost always de- 
ceives the observer, and Jeads him to believe that the bird is rising 
unless they are both placed on the same level. 

It is not well however to ascribe undue importance to the varying 
effect of the wind on the ik front and rear, and to ge on this 
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as a sole explanation; the problem contains many more elements. 
The. variations in the amount of wing surfaces unfolded to the wind, 
in the different portions of the circles described, the variations in 
speed, and the shifting in position of the center of gravity of the bird 
are all of them factors to be taken into account. 

The bird’s elevation is gained by the skilfull utilization of all these 
elements, and by the happy use of a number of casual circumstances, 
beginning with those of ascending currents, which have been so much 
discussed of late, but which are not to be reckoned upon as a steady, 
sole cause, and ending with the utilization of the coming puffoef wind, 
which the bird takes advantage of by breasting it at the best angle of 
incidence, just at the right moment; finally, and especially, by the 
difference in length of course while sweeping with the wind or against 
it, the latter being shorter, and the difference being more marked, as 
the rise becomes steeper. 

The advantage obtained in rising on cireling sweeps is easily ob- 
served and understood, yet it must be confessed that there is a weak 
point in the analysis, an insufficient explanation. This pertains to the 
stage when the bird is going with the wind. Is the acquired momen- 
tum, the velocity necessary to support the bird, sufficient to account 
for the subsequent phenomena? I scarcely think so, and I fee! that 
the explanation is not absolutely correct, for observation shows that 
there is often complete arrest of motion. In any case, whether my 
analysis be good or inadequate, the circling sweep is much practiced 
by birds, and observation indicates that it is the manceuver which af- 
fords easiest ascent, for it is the process always employed by the sail- 
jing bird when there is a minimum of wind. 

While still lacking a clear, convincing explanation, we may hold to 
that above given provisionally. Relying on the instinct of the birds, 
we may without risk accept the usefulness of the sweeping circle. 

Instead, a manceuver which supports analysis, and which is easily 
understood, is that of direct ascension against the wind, either by 
drifting back, which is an easy feat, or vertically, which is more diffi- 
cult, or even while advancing against the wind, the most difficult 
of all. 

When we note the correct angle of incidence presented by the bird, 
the adjustment of his surfaces, and his skillful utilization of the vary- 
ing velocities of the wind, advancing forward in the calm, and ascend- 
ing on the increased velocity, we understand his manceuvers and find 
his solution of the problem easy to follow. 

But we remark that this particular process of rising in the air re- 
quires that the wind shall possess such speed as to sustain at all times 
an areoplane with no velocity of its own, while, if in circling sweep, 
this same areoplane would have an initial velocity, thus enabling it to 
utilize breezes too feeble to serve in direct ascensions. 

We must never think of the wind as a regular current of air—we 
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would greatly err; attentive observation of bird flight demonstrates 
the constant recurrence of irregwar gusts, not only near the ground, 
but even up to the limits of the visible atmosphere. 

Birds certainly possess the gift, like good sailors, of seeing the coming 
gust of wind; the curling change of color on the water indicates to the 
seainan the approach of the squall. How is it that the bird perceives 
the coming gust? It may be difficult to conceive how it is done, but 
the fact is certain, for the irregular puff is often utilized; and yet here 
again is a basis itis not safe to build on overmuch, for the heavy soar- 
ing birds seem to disdain to use these puffs of wind; they accept them, 
they store up, asit were, the accruing momentum, butthey never trouble 
themselves to profit fully by them. 

In order to gain a sound idea of what is going on in sailing flight, to 
understand and to account for it, we must separate two conditions of 
wind which are usually confounded—the regular current of wind and 
the irregular gust. 

It would seem at first consideration that when in a regular current 
of air the bird sweeps a circle, he must lose, against the current, just 
so much momentum as he has received in going with the wind, plus the 
frictional losses, ete. But we have observed that this is not the case, 
and as we say because the bird breasts the wind with his smooth 
cleaving shape, a shape more perfect as he excels as a sailer; which 
cleaving shape differs much from the rear, which Jatter is arranged in 
quite another form to catch the wind as a sail. Now to the difference 
in the coefficient of result upon these different shapes we must add the 
effect of the varying angle of the incidence of different spreads of 
wing as velocities change, the reiative short course against the wind, 
and finally that mysterious first cause which we call life, which exhib- 
its marvelous wondersof equilibrium of rest and of motion and governs 
the active part of existence. 

Yet, as I said before, very large soaring birds do not seem to trouble 
themselves much to utilize all these little accessories; the experts in 
the art, having adjusted their surfaces at an average angle, judged 
sufficient from their experience, do not readily modify their attitude; 
they know there is small profit to them in small mancuvers, such as 
the furling and unfurling the wing, to modify the extent of sustaining 
surface in different portions of the circling sweep; one might say that 
they adjust their areoplane up to a fixed notch, which they know to be 
practically good, and trust to the wind gust for material uprise. There 
are probably minute changes in adjusting the equilibrium which the 
telescope does not disclose, such, for instance, as movement of the head, 
which is a precious balancing pendulum admirably located; there are 
even unconscious movements of the whole body; but as to intentional 
changes in the size and set of the sails (that is, the attitude of the 
bird’s flight), they may remain for whole hours at the point fixed, with 
reasonably steady wind, just like the sails of ships. We must there- 
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fore examine the problem farther and eek 2 mere AEA S 
preduced by itregular gusts ef wind. ‘ ; — 
The wind ces is the very essence ef the wpres ink the mag wand, 


arged Srwanid by mementum of acquired veleeity. will nike t a height 
equal te that ef fall minus the leswes by fiction om the sail and by ait 
resstance. Bhat if instead ef utilizing gravity alone, we accelerate the 
heap with the wand, it will rem up mech higher than the pelet 

Let ws sappese farther. when the heap 8 abe? tf anced, we cam 
Gigplace the ascunding plane. Im contrary diteeiien te the Wy'S cea, 
s@ thai the plane shall glide under the heap, then we weal sali mere) 
@SSNt the ascension by adding a Sapplementary Rare, Independent ef 
the ethers, and whese resuliaat weald Rkewise be an wpe. 

Let ws new reconsider the action of the vivifrimg current ef air ape 
the bird. 

lf the cust of wind occurs jest where the bird is cuiag With the wid, 
its effet ik akim te the Mow of the wand en dhe heap: % Shares Bp 
emery amd ecomomizes descent, hence the Mind pradts t thai extent, 

If the cust eceurs when the bind fkees the wind, then the wating 
plane is sliding beneath him. amd the resulting pressure comes hin te 
ascend: thereiize again predit results Im am ape. Rewhe comected 
With antecedent fll. . 

If the wind cust occurs when the bird ik em the quarter cweep 
farward er back of the wind’S course, it still exerts conizibatery mes 
there is always, im each case. am Impelke, a thrust from Rreige seere. 
which the turd profits by: er eke a saving of acquired memeniam, 
which the creature transforms Inte uprke. 

Bat. after all, these explamaiiens avail enly fer the publi. caries te 
knew why. They neither corroborate ner Gigareve the ets. Wheibher 
we understand amd mathematally demonwiraie the mechaaks of Sailing 
Hicht, or whether we fall im the attempt. the reuk BR the same. There 
remains always the demonstration produced by the Great Master, whe 
im His witdem has implied: ~ If yea understand it, it BK well; if yea do | 
net understand. tis te be regretted: bat im any ease, leek! that is the ; 
way Us deme! I exhibit it all day long, net im a dark comer. bet ie 
the Dime: amd If you cam not eventaally predit by the Ile=en, yeu will 
really deserve never to joim me im the shies” 

Thus acts the bird: hedemenstraten Wesee the demensiraiien; and 
what more can we do with a formula which lads te ne reak? What 
testimeny IS an explanation mere or less clear? Cam there remain a 
doubt as to the fact of sailing fight. when the proef isevident and vinihle 
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every day? The bird wocks no magic, he does not violate natural laws. 
We have not as yet rigorously explained these multifarious decomposi- 
tions of forces because they are all complicated by movement and by 
life; but they are demonstrated each instant, and they constantly invite 
us to imitate a mode of motion which can not be beyond our attributes 
any more than the feats of equilibrium which we perform unconsciously 
every moment of our lives. 

We appreciate well enough the acts of walking, of leaping, of gym- 
nastics, of the velocipede: have the mancuvers which maintain their 
stability been calculated mathematically? No, they have not. Our 
vital instinct suffices for such action, not only accurately, but with all 
rapidity required by the need. Thus willit be assuredly for that remain- 
ing problem of equilibrium which resembles the others so greatly—the 
sailing on the wind: for man’s life, that wondrous reservoir of uncon. 
scious science, will certainly prove equal to this new achievement. 

The main requirement will be skill. The knowing how, and when, 
and why, each act is to be performed, to be expert in all possible maneu- 
vers required to produce various results or to meet contingencies; in 
fine, the man must thoroughly know his business—as a bird, a soaring 
bird, just as he knows in time his business as a swimmer, a skater, a 
bicycle rider, an acrobat—and, in short, as an expert in any gymnastic 
exercise. 


Speed of the.wind.—For the sailing birds, the wind is the source of all 
good gained while sustained. No wind, no uprise, no sailing flight pos- 
sible; therefore, in a dead calm, they are all on the perch. Now, what 
least velocity of wind can support and upraise the most expert soaring 
birds? 

Observers may fancy they see kites and vultures ascending in dead 
calm. °Tis an impossible feat. There must absolutely be, at a certain 
height, a carrent in the air, perhaps indiscernible to the eye, but ney- 
ertheless revealed to the experienced observer by the bird’s maneuvers. 

The sailing bird, rising during a calm, generally flaps his wings till 
he is up one hundred yards. At that elevation he begins to circle, 
partly gliding partly flapping; then he diminishes his beats as the ele- 
vation increases, and finally stops them altogether: this proves that 
the air is motionless only near the ground. 

It is well known that there is almost always a strong current of air 
at prominent altitudes; we leave the valley where absolute stillness 
reigns, and on the mountain top we find a lively breeze. A light zephyr, 
fanning the spring-lixe day, which we can not miscall a wind, is blowing 
however a hundred yards above, some twenty-two miles per hour, as 
proved by accurate observations made by myself, by means of bursting 
fire-works, bombs, whose smoke is most sensitive. 

When the wind is decidedly perceptible at the surface of the ground, 
it greatly exceeds twenty-two miles an hour at an altitude of 1,000 
feet. A good wind, a fresh sea breeze, one in which the sailor takes 
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in no reef, but keeps an eye on his sails, is found to blow forty-four 
miles an hour 1,500 feet up above the sea. The great North wind, 
measured by the transit of the cloud’s shadow, blows from 67 to 89 
miles per hour, while a violent ““Kamsin” at a height of 500 yards shows 
incredible speed, 

In this terrible wind, a tawny vulture moving with it, has a fright- 
ful velocity; in a moment it has traversed the field of vision, say (for a 
bird of that size) four or five miles. 

These are the tempestuous winds which expatriate the birds, which 
cause the creatures, after a day’s journey, to find themselves 3,000 
miles from their own habitat. 

These enormous velocities are proved by actual facts. The balloon 
“Ville d@’Orleans,” which left Paris during the siege at 11:45 P. M., 
arrived next day near Lifjeld (Norway) at 3:40 P.M. Say 900 miles in 
15 hours, or 60 miles an hour. The balloon launched at the coronation 
of Napoleon I, travelled during seven consecutive howrs at a speed of 
about 90 miles an hour. During a long summer’s day, say 18 hours, a 
bird swept away by such a current of air, and rowing in the same 
direction, might travers 1,800 miles! - - - 

What splendid journeys a powerful wind might enable man to make 
if he could navigate the air! But let us entertain no illusions; it will 
bethe accident, notthe rule. - - - 

Let us now consider every day winds, those of moderate velocity. 
Observation indicates, by comparing birds’ progress with that of rail- 
way trains, that the slow flyers go at most 25 miles an hour, and 


that birds well endowed, such as the turtle-doves and the large sailing — 


birds, in full flight through space, get over some 37 miles in the hour. 
So that, for general use, we may assume a speed of a little over a mile 
in two minutes, aS a probable achievement, if man sails on the wind. 

If the problem can be worked out, if the skill be acquired, this is the 
rate of translation man may expect to compass, less perhaps, rather 
than more. Butit is a fair promise. He may journey 300 to 400 miles 
in the day of 10 hours, with no expenditure of power whatever, for the 


wind will do the work. 
* * * * SS * * 


Velocity of the bird.—The speed of the bird’s translation, considered 
generally, especially for sailing birds, is composed of the bird’s ve- 
locity with that of the wind. With flapping birds the case is different, 
and the speed results from three factors; the speed of wind, the theo- 
retical speed of the bird (which is to be estimated as if he were a 
sailer), and the additional speed produced by personal exertion. This 
latter speed, already object of many experiments within doors, and of 
reams of calculations, nowise interests the observer who watches the 
sailing bird in all the simplicity of its flight. We therefore will eon- 
sider only the lesson to be learned from practical performances, 
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To measure accur ately the speed of translation of the bird, we can- 
not survey him in the air, for we have no reference points. It is to 
_ the bird’s shadow upon the ground that we must direct our attention. 


This shadow is easily followed by the eye; it may be gauged by the 
_ speed of a horse, of a chance donkey, a dog, a carriage, or a railway 


train; and tis we get sure data and trustworthy points of comparison. 
For instructive observation it is well to study many models, and to 


- live close to them. 


Yor instance, as | write these lines two families of domesticated 


_Yayens are within a few yards, awaiting for the food I am about to 


throw to them. On the mosque, in front, my pet kites are perched, 
waiting my appearance to plunge towards me, at the least gesture I 
may simulate of casting meat to them. Thus I can closely view this 
expert at full speed, for there are two of them which snatch their pit- 
tance from my hand. 

There are endless battles between ravens and kites and among kites 
themselves, and battle always brings the performance of feats; con- 
stantly does the kite turn over back downward, this being a favorite 
fighting posture with all the eagle tribe. I often see two kites lock 
claws up in the air, clutched fast, and thus locked spin down hun- 
dreds of yards. 

When a great wind blows, the observation is wonderfully interesting. 
To try to explain these complicated movements with mathematical 
formule seems a farce. Their mere description is difficult enough; 
how then can we fasten within algebra’s rigid rules the evolutions, the 
feats, the stratagems, which shift with each wind gust, with each 
fancy? It is like an attempt to calculate the foot pounds expended by 
a gymnast during his exercises, or the thermal units utilized in astrug- 
gle between two athletes. 

What is most known concerning the speed of birds is generally 
vague, for they do not lend themselves to accurate experiment. The 
speed of flapping flight is pretty well indicated by the carrier pigeons, 
who, by a dead calm, cover from 33 to 50 miles an hour, according to 
species. 

We know that the turtle-dove flies faster than the wood-pigeon., its 
velocity being about 50 miles an hour. Ducks and teals have greater 
swiftness still, but it is diffienlt to determine how much. Moreover, 
the effective speed is governed by the force and direction of the wind. 
It is therefore almost impossible to be exact as to the speed of flapping 
birds, and the question possesses small interest for him who thinks 
the soaring birds to be the true model to imitate. 

The sailing birds afford an occasional chance of measuring their 
speed of flight, which naturally varies with the wind, but which always 
iustratws the advantage of mass. There often is a race between three 
birds of different size: the tawny vulture, the Egyptian vulture, and 
the kite. 
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Near the “ Abbassich” gate at Cairo, amid mountains of potsherds, 
dead animals are deposited by the scavengers. They are not buried; 
there is no need, for between vagrant dogs and rapacious birds, they 
are eaten up in a few hours. As soon as the carcass has been laid 
down and the knackers have finished skinning it, carniverous birds 
‘appear. They pass in the zenith of the observer and arrive at their 
destination, all the time visible through the telescope. The distance is 
known, and only the time need be noted which is consumed in the 
journey. 

This trip is performed with the same velocity by the three birds 
mamed, but the force expended is evidently much less when the mass 
is great. The actual speed, of course, varies with the velocity and 
direction of the wind. - - - 

As a final result, deduced from such daily observations, I think that 
I closely approximate the fact when I state that a kite, soaring to 
survey the hunting ground beneath him, has a mean proper speed of 
11 miles an hour when the wind blows also 11 miles an hour; this is the 
‘sailing bird which seems able to obtain support with the feeblest cur- 
rent of air. The tawny vultures, in order to rise on such velocity of 
breeze, need to unfurl their entire possible wing surface. For them it 
seems that the wind velocity should be at least 17 miles an hour to be 
in full accord with their faculties. 


Effect of speed.—Theorists frequently set themselves this problem: 
What is the power required to obtain support in the air? 

The lifting force, (ascensional power if you please so to call it), is 
under many circumstances so slight that it may be neglected, and 
is reduced to the force necessary to sustain the apparatus. 

In soaring flight this ascensional power is only indispensable when 
there is no wind. The problem would be better stated thus: What 
velocity must be imparted to an aeroplane, bird or machine, in order 
that it may be sustained on the air and may rise? Now for this, as 
for all aspects of this problem, we find a solution provided by nature. 

Birds whose pectoral muscles have not power to raise them bodily 
are not rare. Sailing birds can, unaided, compass but little rise; 
especially the very large birds. A tawny vulture can not rise 20 yards 
on a start of 45°; he can not rise 10 yards vertically. So this king of 
soarers may be kept a prisoner in a roofless cage, provided the sides or 
walls are 20 yards high and 20 yards apart. Among birds with nar- 
row wings this peculiarity is still more marked. 

The Swift, this wild, darting, rustic inhabitant of the air, can not 
rise vertically 6 feet. It is perfectly caged in a large box without a 
cover, and yet if any creature is thoroughly equipped for flightit is he. 
The same is true of the large sea birds. <A frigate bird is impotent 
with less than a certain space to perform its evolutions, whereas as soon 
as the two birds I have named have acquired speed, or are launched in 
a current of air (which amounts to the same thing), they become forth- 
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with one the dashing swift, and the other the tireless frigate bird and 
this tells the whole story. 

I may here formulate an axiom: No speed, no flight. 

T once had a curious problem to solve, based on the above principle. 
It was years ago, and I was in Algeria; so far as I now rembember, it 
was in 1864, in the spring. I already understood the problem pretty 
well, and witha li’ help and better surroundings I might have suce- 
ceeded in imitating the birds. I appreciated the possible results; per- 
haps the French collapse of 1870 would have been averted, the Russo- 
Turkish war might have remained in limbo, nations might have gained 
freedom, or Asia might have invaded Europe with countless throngs; 
whoknows? But why speculate? Let us leave all that aside. 

I was saying that one fine morning, in the port of Algiers, I had gone 
to the harbor to look over the fish caught overnight. This was my 
way of studying the dogfish and the form of the great submarine 
swunmers, ete. There I ran across a peddler, who instead of fish had 
some sea birds for sale. There were some fifty of them. I did not at 
first know what kind of birds they were, but after a while I recognized 
them to be ‘ procellariz,” variety Puffinus kuhlii, or stormy petrels, 
which I had already seen at sea, but only afar off. As they were cheap, 
I treated myself to four, and then I took the train at 8 o’clock, and at 
10 I was at home on the plain of Mitidja. ' 

It was my object to examine and measure these birds, and then to 
set them at liberty when I was tired of them. I therefore deposited 
them on the water, in a little duck-pond, near my farm. Here I think 
it may be well to give a short description of this bird, so that persons 
who are not acquainted with it may fully appreciate all my mishaps. 

The petrel is a bird about the size ofasmallhen. By referring to my 
table, (The Gull type,) p. 433, it will be seen that it weighs 1.65 pounds, 
thatits spread of wings is 4.10 feet, by a width of only 5inches. Thus its 
equipmenf for flight consists, as it were, of two drumsticks, which only 
permit its launching forth under special conditions, We may form a 
fair idea by imagining a pullet equipped with two flat rules, such as 
draughtsmen use, inlieuof wings. Thelegsarelong, delicate, and feeble; 
the feet are webbed. The bird can scarcely walk; it runs 8 or 10 steps, 
then stops as if fatigued. 

My four birds, set on the pond, did nothingin particular; they seemed 
to have no notion of taking flight. I took up one, the weakest one, and 
I threw it into the air sufficiently high. It undertook to fly, crashed 
against a wall and knocked its brains out. I was vexed; I took a 
second bird and carried it upstairs; to the first floor. This second 
bird was sick; it fell so stupidly that I allowed the dog to strangle it. 
So I took a third, and I took my oath that day to see a stormy petrel 
in full flight. To bring this about, I went to the top of my observa- 
tory, which was several feet higher than the peak of the roof. Thence 
Ilannched the creature into the air. That poor devil of a bird had no 
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better luck than the others; he flapped his wings vigorously, sinking | 
downward, and just as I believed him to be fairly under way, he struck: 
a post and broke a wing. 

I must own that I was not pleased with my purchase, and there was: 
good reason. To spend good money in conferring liberty on captives. 
torack my brain about them, to carry them uptothe roof of the house,, 
and then to fail flat, this was hard luck. . 

There was still one bird, aforlorn hope. I had got it into my head 
that I must see this bird in full flight and I was determined not to: 
miss my aim this time. 

I reflected a long while; at last an idea struck me, and here was the: 
result. ; 

Less than a mile from my farm there was an open tract, naked, bare’ 
of grass, flat, smooth as a mirror. It struck me that these conditions 
were somewhat analogous to the surface of the sea in a calm. 

I carried thither my No. 4, who appeared to be just as stupid as his 
three predecessors. I set him down on this extended area, and retired 
to a distance. The creature remained squatted down for a good while, 
then he turned, with his beak to the wind, and he stretched his wings. 

Then he showed me that I had reflected to some purpose. 

He started running and beating his wings, which were not hampered 
by any herbage, and ran in this way about 100 yards, carrying his 
weight less and less upon his feet, and finally all on his wings, but all 
the time skimming the ground. At last, with a single bound, catching 
the wind, he rose some 60 feet, returned towards me, and as he glanced 
by on his way, I thought he said to me, “ Remember hereafter, oh! my 
preserver, that success in flight is all based upon speed.” 

* * * * * *¥ «© * 

Effects of Mass.—Among birds of the same shape and same muscular 
power mere difference of weight produces effects quite varied. and 
yet all of a piece. 

Let us note how a difficult exercise is performed by the eagle, by 
the falcon, and by the lark, all three being perfectly comparable as ta 
their construction. 

The eagle remains motionless in the air, on rigid wings, using only 
his tail to balance himself; he is as fixed in space as if spiked to the 
sky. The falcon also remains at a fixed point, but he beats his wings; 
while the lark cannot perform this maneuver, under the same atmos- 
pheric conditions, without painful effort, as it is constantly carried 
away by the wind. 

This law of disproportional aptitude for flight between the smaller 
and the larger birds constantly deceives the eyé and confuses the 
data gathered. An actual example will exhibit the law. 

The quail, which everybody knows, is an especially heavy bird. It 
flies with gieat effort. It is a round ball with two small wings which 
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barely sustain it. Yet, actually measured and weighed, it presents 
the following surprising results: 

It weighs only 0.92 pound per square foot of sustaining surface, 
body and wings, and this is less than the flamingo, which weighs 1.56 
pounds per square foot of surface, and yet this rosy wader is generally 
thought of as a mere pack of feathers. Or than the pelican, which 
weighs 1.36 pounds per square foot, and which flies very well. Or than 
the stormy petrel, which weighs 1.17 pounds per square foot, and must 
depend upon speed for a living. Or, it will not be believed, the quail 
weighs actually less than the tawny vulture, which weighs 1.47 pounds 
to the square foot of surface, and yet floats for whole days without a 
single flap. And yet how badly the poor quail flies! Its usual course 
is 200 yards, and it is then outflown, it pants for breath. 

From the comparison of the rates existing between the weights and 
the surfaces of the birds which I have measured and inscribed in the 
tables of this work, I may deduce a general law: The amount of pro- 
portionate surface required by a bird for a given mode of flight dimin- 
ishes as the weight of the bird increases. 

The exact proportion is yet to be deduced from more complete tables 
than those which I present, and from experiments to be made upon 
the sustaining power of aéroplanes constructed upon similiar models, 
but of different sizes, and loaded with ballast until they produce similar 
satisfactory results. 

The exact advantage obtained through large mass, while indicated 
by my tables in a decided and regular manner, is somewhat difficult to 
formulate. The manner of increase of the volume, in relation to the 
containing periphery, certainly cuts a figure; it is a factor to the credit 
of the larger mass, by diminishing the relative air resistance; this is 
unquestionable. Increasing sustaining surfaces, on the other hand, 
produces increased friction and resistance, but the gains and losses do 


not increase with the same factors, and hence result complications. 
* * * * * * * 


We might reasonably expect that the area of surface required to 
sustain each pound of bird would be a fixed and definite ratio; any 
deviation should only be produced through gain in the ratio between 
the volume and its enveloping surface, or through loss by increased 
resistance and friction of the sustaining surfaces. And yet it is not so. 
The tables I have constructed show that things are very different; they 
indicate enormous discrepancies. 

Thus the surface of 3.62 square feet required to sustain one pound of 
bank-swallow is reduced in the tawny vulture (which flies and is sus- 
tained at least as well), to 0.68 square feet per pound, a variation of 
five times and more. 

If we seek an explanation for this phenomenon, we find that a dis- 
turbing cause always brings advantage to the larger mass; it is the 
variation in the coefficient of air resistances opposed to different masses, 

* % * * * * * 
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Continuing our study of the effects of mass upon flight, we shall 
notice in the tables that as the weights of birds vary between 15 
grains and 3.5 ounces, the peculiarities of their flight become very dif- 
ferent. From 3 ounces un to 10 ounces, from 1 pound up to 2 pounds, 
from 5 pounds up to 10 pounds, and up to 16 pounds, there are as 
many steps in the increased economy of power and support in the air. 
So it seems at least from information furnished by the experts, by the 
OS iS ae 

It is probable that the benefits to be derived from large mass con- 
tinue to make themselves felt beyond the weights comprised in the 
tables, and that up to some 200 pounds the law remains the same, or, 
to express it in another way, the curve of variation which may be con- 
structed with the figures contained in these tables would continue in 
regular sweep beyond the points observed. - - - 

When we observe the sailing flight of the Nubian vulture, whose 
weight varies from 17 to 22 pounds, the one astonishing thing which 
strikes us immediately is the great steadiness in advancing. When 
the bird has set his course, accidental wind-gusts do not seem to affect 
his great mass, which appears insensible to them, and which continues 
its majestic motion without disturbance. An aéroplane, therefore, 
weighing 200 pounds with its load, ought to move on the wind with 
even more persistence and regularity than the Nubian vulture. How 
will it be, then, when from 200 pounds we pass to 1,000 or 2,000 pounds 
in artificial flight? Wemay rest well assured that unsteadiness and 
accidents of the flight, under equal conditions of wind, will diminish in 
a still greater degree. 

For weights up to 200 pounds, intuition furnishes us with a pretty 
sound idea of what manner of flight we can get on the wind; we have, 
as it were, bench marks to refer to; but when we shall come to weights 
of a ton or so we know scarcely anything, and as for 10 tons, we are in 
the dark unknown. However, until the contrary be proved, I shall 
believe that the advantages shall continue to grow in the direction of 
the heavier weights. 


Effects produced by aggregation (in flocks).—Observation seems to 
show that birds (whether sailing or rowing birds), have more power 
to penetrate the air when they are congregated in flocks than when fly- 
ing singly. - - - 

It is a fact well known to sportsmen that a charge of shot so rammed 
as to scatter does not penetrate as far as when well rammed so as to 
act aS a single ball. - - - 

Birds must know this property of aggregated bodies, for they fre- 
quently avail of it. Thus the passerines make no long transits unless 
grouped in close order, beginning with the sparrows which have a well 
fixed order of flight. Pigeons, ducks, geese, swan, cranes, ete., never 
travel save in serried ranks, in always the same order for the same 
species. - - - 
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Pelicans on their travels arrange themselves in the form of a wedge, 
which from a distance simulates the point of an arrow. They move 
with a curious sluggishness, and with the regularity of iron rolling- 
mill machines. These enormous palmipedes sometimes afford a most 
engrossing spectacle. I remember, one day upon the Nile, to have seen 
a flock of them come sailing out of the sky, dropping from a height 
where first they seemed as swallows, alighting within 200 yards of my 
boat, upon one of those islands of gelatinous mud peculiar to that 
river. I followed all their evolutions, through a telescope, and the 
spectacle lasted half an hour. It was astonishing! How beautiful were 
these great birds in their wheelines among the clouds! From afar off 
one could hear the hissing of thei: wings cleaving the air, their hoarse 
cries, somewhat like the donkey’s bray, and even the slap of their 
great feet as they struck the liquid mud. = 


The three supports.—Each family of flying creatures presents in the 
air a particular aspect, which it is interesting to study. 

There are birds with long arms and others with short arms; some 
have long primary feathers and others have them short. Some birds 
have long narrow wings, others have them thin and short. Some 
wings are round, some are square, terminating in five feathers of equal 
length; others again run to a point in which either the third. the sec- 
ond, or even the first, primary feather is the longest. - - - For 
what particular kind of weather and for what special uses were these 
wing forms intended? 

When nature had to provide a large bird (and we need only concern 
ourselves with such) with wings for rapid flight, she made these wings 
small and narrow, and provided powerful pectoral muscles, as witness 
the ducks. When the bird’s success in life required it to move in high 
winds, like ocean storms, she invariably endowed it with long and 
narrow wings, to avoid friction, as witness the gull, the mew, the gan- 
net, and the albatross. When she determined, as in the case of the 
eagle, to produce a powerful creature, to create a great hunter, she then, 
endowed it with her best gifts; that is to say, with the aptitude of sail- 
ing indefinitely without fatigue while surveying the field. For this she 
gave it the wings of the sailing bird, and to these joined powerful 
motor muscles, so that it might flap vigorously in case of need. When 
she determined only to provide a bird with the faculty of remaining 
in the sky without fatigue, she endowed it with two things: a large 
mass and a large surface. 

As for other birds, her unfavored children, the disinherited, she made 
rowers of them, and they drag their bodies through the air by main 
force, flapping and fatigue. 

Let us now inquire as to what relation there is between the mode of 
flight of a bird and the length of the radius and of the ulna in propor- 


tion to the hand. . 
Before going further we should remark that the lengthening of the 
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forearm coincides with that of the arm; there is an almost constant | 
relation between these two parts of the wing, but there is a decided 
divergence in the relation of these two parts (taken tegether) with the 
hand. 

Each flying family is proportiouéd somewhat differently; these 
peculiarities should be ascertained by detailed and minute measure- 
ments, but in their absence some general remarks may be made. == 

We may cover all genera of soaring birds by the two types we pro- 
ceed to specify. : 

(1) Among soaring birds the general posture of their wings at an 
acute angle of about 100° (the summit of the angle being the beak) 
corresponds with the shortening of the arm and fore-arm, and the 
excessive lengthening of the hand. This covers rapid soarers, such as 
swallews, martins, and in lesser degree, the kites, fish-hawks, ete. 
Let us remark, by the way. that this kind of soaring necessitates a 
powerful tail. 

(2) In the extreme opposite type, that of slow soaring birds with wide 
wings, the angle mostly affected is about 200°, and sometimes more, 
and here we notice a diminution in the length of the hand, and a great 
development of the arm and forearm. The best type of this genus is 
the vulture. In the latter genus the tail is generally small. 

There is however a family of sailing birds with narrow wings, 
which has an exaggerated length of arm, fore-arm, and also, generally, 
of the hand. This is the family of the Pelicanide, comprising four or 
five genera which are constant, paradoxal sailing birds. 

The tropical phzeton soars wonderfully. The Egyptian pelican is a 


charming instance which can be closely studied, for it is easy to see 7 
him in full sail over the water. But the frigate-bird is the ne plus ~ 


ultra of soaring creation, the chef @euvre of nature in that direction: 
in this bird the lengthening is general, the arm, the forearm, the 
hand, all are of enormous length; therefore the creature soars fast or 
slow just as it chooses. Itis perfect of its kind but of no use as a 
model, for man can not imitate it. Let us therefore dismiss it in this 
essay. 

Thus we have reached the fact that the two extreme types of soaring 
flight are the martin and the Nubian vulture. The first presents its ; 
wings at an acute angle, and this produces instability of equipoise 
requiring great velocity, just like the velocipede which can notremain | 
upright unless it is in motion. 

Vultures, on the contrary, can spread their wings at a re-entering 
angle. The two wings and the tail then furnish three points of 
support, upon which the system is balanced. Therelative positions of 
these three moveable supports govern the motion and the speed. 
Therefore the variable positions of these three supports produce all the 
evolutions of those avian acrobats which have been termed soarers or 
sailers. The variation of the angles between these points of support 
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covers all the types of sailing flight, and produces all the mMancenyers, 
from that of absolute immobility in the sky to that of vertical fall; 
from great velocity to the actual stopping, from going forward to going 
backward; for, from a theoretical standpoint, backward flight or back- 
ward gliding may be considered as feasible. 


Various maneuvers.—To write concerning the maneuvers performed 
by soaring birds is somewhat like attempting to descrive a picture 
ora piece of music in words,—the best possible description will never 
be worth the roughest sketch, or a line of notes. 

However, as we can not rest content with always preaching observa- 
tion to those who can go where the birds are to be found, we shall try 
to say a few words concerning some evolutions of sailing winged crea- 
tures; for before man dare trust himself to any apparatus, however well 
designed, he ought to know, approximately at least, what may be done 
in the air with such an apparatus, for else he can only be sure of the 
descent to the ground. 

Birds get their initial start in many ways. For most of them this is 
the easiest act. Those which have to vanquish the greatest difficulties 
are the large water birds, which in starting from water or ground are 
compelled to run a long distance, using both feet and wings, in order 
to gain the speed required for support. This applies to large sea birds 
with narrow wings, and in general to all water birds: such as the geese, 
the swans, the pelicans, etc. 

The rowing birds simply jump into the air to take flight; their pec- 
toral muscles are so powerful that they enable them to get support 
without much headway; moreover this leap possesses great energy; 
this may be realized by watching the leaps of a large passerine bird 
deprived of his wing feathers, such as a raven or a magpie; one single 
leap sends them up three feet. 

The smaller the bird the greater is this initial leap in proportion; as 
witness the blackbird, the lark, and that life-spark, the tom-tit. Among 
the birds, the strength of the legs follows the same law as that of the 
pectoral muscles; it increases in proportion as the weight diminishes. 
In fact, a nightingale or a sylvia use their wings when in a thicket 
only as an aid to equilibrium and as directing power. 

The plovers, certain scolopax, the tringas, etc., get into flight by pre- 
vious running. The larger number of the great waders, the large vul- 
tures, etc., also get their start by running, if on the ground, but as 
soon as they can, they abandon the running steps for a series of leaps 
which continue as long as their feet can touch the ground. 

Birds of prey in general have two methods of getting under way. 
When they start from the ground, with or without a prey (except vul- 
tures), they always enter into action by a leap measuring a yard. 
When they are on the perch, being always at great heights, they sim- 
ply launch into space and spread their wings open to get under full 
motion, 
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Coming to a rest is always a serious business for a large bird, and 
seems to become more so the heavier they are. Generally they manage 
to face the wind, and thus to extinguish in part their velocity. A 
pigeon without experience, alighting with tail to the wind, is generally 
upset and tumbled over. In a state of nature, a wild bird knowing 
his business perfectly, never misses making a safe Janding. When 
the wind is high, the heavier birds of large surface perform wonders 
in coming to a rest. An eagle alights with incredible lightness; the 
shock is no greater than that due to a 4-inch fall. 

When there is no wind, the winged experts who dislike to be jarred 
adopt another way. They glide upward, the steeper the slant the bet- 
ter, and by thus opposing gravity to speed they completely extinguish 
the inertia of their motion, rising as high as may be required before 
coming to rest. 

When man comes to experiment with an aérial apparatus the bird’s 
mode of alighting will needs be studied @ outranee. The man may add 
a lot of embellishments, such as elastic nets, beds of straw, suspended 
cords with elastic connections, rings for attachment, watery beds fer 
floating machines, ete. 

The act of alighting is the terror of all winged creatures. There is 
especially one class which dreads (and with reason) even the smallest 
fall; these are the waders. Therefore do they possess great propor- 
tional wing surface, which perhaps may be intended to allow them to 
come to rest without the risk of breaking their long legs. Happy are 
the birds which alight upon the water. The reader doubtless has seen 
a Swan come down to his liquid bed; it is a striking spectacle; they 
plow deep furrows with their palmed feet; the jets of water and the 
foam which they raise with great fuss attracts attention forcibly, 
This is the mode of coming down, simple and practical; which man 
must ponder well, and try to imitate. -  - 


OBSERVATIONS OF BIRDS. 


I give in the following pages some data concerning birds, which, 
although scant in extent, have required from me many long years of 
hunting. I now have but the later specimens; two-thirds of those I 
had gathered have perished in numerous removals—they have been 
lost, forgotten or abandoned. 

It is not enough to kill a bird: this must be done under favorable 
circumstances, that is to say, we must have two things which are not 
always at hand—scales to weigh the creature directly after death, 
and appliances for measuring and calculating its surface. 

Birds sold on the market in the towns of Europe are generally unfit 
to gather data from, because they have been drawn or are dried up, 
and the exact weight can not be ascertained. Among fifty rare birds 
which have been sent to me, only three could be utilized; all the others 
lacked something or other and had to be rejected. One of the latter 
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was a curious bird; it was brought from the Shoa country by the ex- 
plorer Arnous; but what could I do with a bundle of primary feathers 
and a few large secondaries? I could only say, after examining them 
that if these were feathers of the griffon, that bird attains an extraor- 
dinary size in that region, for the longest feather was at least as large 
as that of the condor and was 294 inches long. It may have belonged 
toa great unknown vulture of Central Africa, the existence,of which 
I suspect from the accounts of Abyssinians. If so, it must be upon the 
old continent the analogue of the harpy of the Amazon River. 

I was in possession for many years of the most beautiful eagle which 
I have ever seen; neither Paris nor Geneva possessed, to my knowl- 
edge, anything its equal in figure and beauty. Yet I can furnish no 
accurate data of eagle measurements. I have killed over a dezen, and 
I can not present one of them to the reader. However, as the proverb 
goes, we can not give what we have not got; so I give the best infor- 
mation I have. 

All the birds I present were weighed when fresh killed. As to their 
surface, this is the way I proceed: I spread out the bird, back down 
ward, upon a large sheet of paper, the wings being stretched out into 
the attitude of their flight when there is no wind; this being set down 
in the tables as ‘wind, 0 per second.” Sometimes, when the wing 
happened to be stiff and could not be fully extended, the attitude 
resembled that which the bird assumes when there is a light breeze; in 
such cases it is marked on the table as “wind, 5 meters per second” 
(11 miles per hour). Finally, some measurements have been made with 
the birds’ wings adjusted as when they sail on a good wind. In such 
cases they are headed, ‘‘wind, 10 meters per second” (22 miles per 
hour). 

Once laid down on its back, well adjusted in proper attitude of sail- 
ing flight, the bird is made immovable by weights, these being plates 
of lead tg flatten down unruly feathers, and two or three large masses 
of lead to hold the wings in position and to counteract the contraction 
of the muscles; then with a pencil it is easy to trace a precise silhou- 
ette. We thus get the total projected surface of the bird—wings, tail, 
body, head and feet. Now, if we only measure the surface of the 
wings, we would err; for when under way, all parts serve to suppor, 
weight, all goes to form an aéroplane, being more or less effective, ac. 
cording to its shape. Assuredly, we might neglect the feet of the 
waders, as being nothing but an impediment which the creature trails 
behind, but as to the body, there can be no thought of ignoring it, for 
it derives much support from the air. 

We may now say, simply, that this gives us the surface of the shadow 
of the bird. 

In calculating these surfaces we must proceed with patience, many 
figures, and much order. There are a dozen triangles to compute and 
four or five parallelograms. This is very tedious work. We pluck up 
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: : ] eg Rae Oye a 
courage with both hands, as the saying 1s, and when the operation 1s 


ended we may say that this is another stake planted. : 

When the weight and surface are ascertained, we next measure the 4 
spread of the wings (alar dimension) and the mean width of wing, 4 
which two latter indicate the proportions of the aéroplane of the bird. ; 
This relation is indicated in the tables by a simple proportional frac- 
tion, 5:1 for example, which indicates that the width being 1, the total 3 


spread is 5. 

In addition, I set down the amount of surface necessary to carry 1 
gram, also the weight sustained per square meter, and finally the 
ageregate surface required to support 80 kilograms (176 pounds). This 
weight of 80 kilograms corresponds to the weight of a man equipped 
with a light aéroplane. The figures therefore indicate the total sur- 
face required for an aéroplane of that particular type. 

In order not to present at random (alphabetically) the difterent kinds 
of birds, they are grouped according to their mode of flight. This 
produces strange groupings; all ornithological rules are boldly vio- 
lated; the charadrius (plovers) are classed without hesitation with the 
vanellus; even classing the accipiters (night birds) with the passerines 
(sparrows, etc.), Which is an infinitely more grave departure. It will 
thus be seen that similitude in fight has alone been taken account of. 


The Rail type—Under this head are comprised all the birds which, 
in flying, hold their bodies at an inclination of about 45 degrees, instead 
of spreading themselves out horizontally, a position invariably assumed 
by the other birds. The marouettes (rails), the different rails, the water- 
fowls, and the domestic fowls, here compose this branch of flyers. 

The turkeys, the guinea-hens, the canepetiéres, and the peacocks do 
not form part of this class, because they stretch themselves out hori- 
zoutally when in full flight. 

The above class of birds (rails), although they fly but rarely are some- 
times compelled to make long journeys; they probably then utilize 
strong winds of good sustaining force. These great air currents have 
indeed a power which human instinct does not reveal. 

During a strong sirocco, blowing at least 20 meters per second (45 
miles per hour), I have compelled Kabyle poultry, which, to be sure, fly 
somewhat better than European fowls, to take extensive flights, during 
part of which they soared in a way surprising. The guinea-hens were 
by this violent wind sustained in the air with an ease one would never 
suspect in a gallinaceous fowl. 

Here, methinks, the good housewife will ask, were many eggs laid on 
that day? I confess that this did not disquiet me. I would have 
sacrificed the whole barn-yard for such a beautiful demonstration; for 
after all, when knowledge is sought, we must do all requisite things to 
arrive at that knowledge, even to the sacking of the poultry yard, if 
need. be. . 

My poor pigeons! what a time they had. They were adjusted in all 
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sorts of ways. Their wings were clipped short: their wings were length- 
ened out. They were made semi-long, narrow and long, narrow and 
short. They were pieced out with primary feathers from birds of prey, 
thoroughly fastened on with glue, and pressed on in the vise. 

This is what happens when a bird’s wings are altered; when the 
active surfaces are changed in extent and form, the creature being 
accustomed to a particular mode of flight starts off in his habitual man- 
ner; but his organs are no longer adapted to produce their customary 
effects, they are shaped to produce different effects. Thus the bird 
finds itself with habitudes and instincts for one mode of flight, and 
with a new arrangement of feathers adapted to another mode. The 
latter constantly impresses him with the necessities of the moment, 
and these necessities compel him, willy-nilly, to fly as flies the other 
type of bird which has been forced upon him. 

Thus, a kestrel falcon, a good soarer, who had his nest near my 
observatory, has just one-half in length of his primary feathers cut off; 
the result was forcibly to transform him into arowing bird. I restored 
him to liberty, and as he remained on his hunting ground, I had every 
opportunity to observe him. Although much hampered the bird was 
not very unhappy; the prey sometimes escaped, but he made up for 
what he had lost by increased activity. He was easily singled out, for 
the mutilation gave him an unusual figure; his long tail seeming longer, 
now that it was not accompanied with two long wings, and it attracted 
attention from afar. And so he had to row constantly. Once in a 
while he would try gliding in the old fashion, but as he found himself 
dropping too rapidly, the instinct of necessity for support compelled 
him again to beat the air. 

J have transformed kites into stormy petrels by clipping off half the 
width of the wing for its whole length, and abolishing the tail. The 
result was to compel them, notwithstanding their habits of soaring 
upon light winds, to await instead the brisk winds which alone could 
sustain them without fatigue. 

As will be seen, to succeed in such observations we must absolutely 
control the bird and have himat command. Experiments withinereased 
surfaces did not succeed as well; I tried them on pigeons, and on two 
kites who were old neighbors of mine. I only succeeded in producing 
birds which were exceedingly awkward in their movements. I ought 
to have practised upon a goss-hawk, but how could I have afterwards 
observed such a mere bird of passage, whereas the kites a have fixed 
habitat, they are well recognized, so that if there is an important 
feather missing in one of the kites in your neighborhood, you ean 
recognize him, single him out, and consequently observe him. 

* * * * * * * 

The Hawk type-—These are here separated from the great family of 

birds of prey, because, although they are raptores, there are between 
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the two divisions profound differences; one may be called raptores of 
long flight and the other of short flight. 

Among the eagles, the falcons, the kites, and the buzzards the primary 
feathers are long, the second and third being the longest, the result 
being an acute-shaped wing. Among the hawks the fifth quill is the 
longest, and moreover, the whole combination of primary feathers is 
remarkable for its shortness. They are not birds of extensive flights, 
either as regards elevation or duration; they frequently are perched. 
They comprehend three species—the sparrow-hawk, the goss-hawk, and 
the harpy, which has the same conformation as the two preceding, and 
must fly in the same manner. I do not know the manner of movement 
of the harpy, never having seen it myself, but I am sure of being right 
in saying that its gait is in general the same as that of the goss-hawk. 

Nature has meant this bird for a forest hunter. Its life is passed 
among the trees. Its forte is not the attack of a hare or a duck in 
open field; it would not succeed in that; but it is the chase after other 
birds or after mammals under the trees. The powerful tail of this fam- 


¥iG, 2.--The Sparrow-hawk. 


ily of birds has been given them to turn short corners; they needs must 
seize under the trees a pigeon or a turtle dove, and this vigorous rud- 
der enables them to thread the innumerable branches and trunks of 
trees with all required velocity. 

There is another bird which accomplishes the same results by other 
means, Itis the great eared-owl (Grand duc). 

Its life needs are the same; itis also in the verge of the forests among 
the trees that its hunting exploits are performed. It has no tail to speak 
of; it cannot afford it; for in the hole where the bird cowers in the day 
time a tail would be a nuisance. What, then, isto bedone? The bird 
brings into play a peculiar aptitude, born of necessity ; this is a mobil. 
ity and an extraordinary power in the mode of presenting the planes of 
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its wings. Changes of plane against the air which change the direction 
of its flight with incredible celerity. No other flying creature has this 
gift equally developed. 

With what astonishment is the flight of this enormous bird beheld 
underthe trees! Nosuch dexterity can bere-called. Theobserver’s habit 
being to see birds generally proceed in -a straight line, it renders the 
flight of the great-eared owl fairly stupefying; it seems at every mo- 
ment as if it were about to dash against a tree, and yet every obstacle 
is avoided. It flashes silently, horizontally, or even vertically through 
spaces where there would seem to be no passage; and this is done with 
absolute mechanical precision, without hesitation or slackening of speed. 

This is truly the most extraordinary mode of flight, but it is a rare 
sight even to dwellers in the country. ‘i 


The Gull type-—This genus teaches one thing, namely, that in order 
to hover or to penetrate in great currents of wind, the resistance of the 


Fic. 3.—The Kingfisher. 


“eroplane must be reduced toa minimum. The spread of wing is of 
less consequence than its width. When we think of it this is rational, 
but it must be confessed that nature did well to demonstrate it, for it 
was a difficult deduction to get at. The table shows that in this type 
the spreads of the wings is from 6 to 10 times their width. 

The albatross, which is not included, must greatly exceed this pro- 
portion, for travelers mention some 16 or 17 feet as the extreme spread 
of wings, and as its width is about 10 inches we have for this bird a 
proportion of about 20 to 1. 

This teaching is of great importance, and should be borne in mind 
in the design of eroplanes with adjustable surfaces, 


AIR. 


THE 


‘THE EMPIRE OF 


‘stod 
“NPsLOAv 
spunod 
F-9LT 10 
SOTET 08 
UIe}SNS 04 
poimb 
-91 ODVJINS 
OATPCLOU 


ey ee ee 


— 


‘Hd AT, TION WH 


] | 
BE SRB OSG eB OGRE) = Secs at ete weve icicle <= ae aie rier ee wege|encaia 2 Gris aa oq see sueyexo erpeulorg | SROMMU TVG te ac a2 cane so1eqTy 
| “VF OL-G | | é 
| 9T9L 1€1000-0 T€E-8 1-0 | Sh-1 OSTRLE-0 | 088% We Oor aa omCoT Uc Cre |(COCU CT lia g t/t aap aa een ean 1092) eae. 
te Eclesn osurarey |7- °° (eBid) JUVUIMTE 
*pAlq, oye 
| -Bi1y ‘parg-Tem-jo-meyy [~~~ ~~ a}VsIL 
[oven eee eden none ROUIUIGC) Age iss omega al clea nod 
| 
| hae al Pang BO ea {RU Be Ge eek ea eBL1e[[900Lq 
| | 
Jorn ceeeee- ooo ee FZL-0 leita ¥T'0 006 is tas ee yn y snagnd ee oe © joayad Aursoyg |--*~ Borseyod vrreyjeo0rg | 
| | tie were aa 2 pury209) | 
45 LUE Val ca * PALO OW, nl ee eee | 
| 60LE 187000-0 LGPL €L-0 696-4) QGLFEL-O 082 LOM paces eke me OD eaaahh eam le ae aadzna Nes 
| | ATT Lb Ce eT ae es a) Ny AS ha Ce oe, ng EA | Pa Le See 
| $eiZ | 1L¥000-0 TLG-L 1-0 976-0 €82601-0 BES 10 bes |Necaaeenk GaNY casi a snie'y (Nee eee See IN 
“OF OL-T | Seals ok Oe : 
| Lear | 0290000 198-9 80-0 60-0 PEEOF0-0 | ZO Lien eae. ge Ee susqaumidey SEES SUISSE ||P qf NBOse wee 
| Sse | 
| L602 9LF000-0 100-8 90-0 S7G-0 9F6TE0-0 19 Oe BFE KAD.LOIME] OCU) ammeter ag 0 PIO9 TET | 
cence ett e| sees eee ee] eee ec eee BARS 2 Pca nea meee Roce ec | eee ar Man leo Riec eae a a rec <a oe Ge coaemaee NSCS | pi iascn igen = rant OTAOMA 
| |W &2-1 ORE ee Oe me ee ce ee os 
£10 Z8F000-0 Le8-L | 8F0-0 | 9L8-0 816S10-0 ee Mee Oe ul spacebar 3 sudv snjesddy |" " "~~ qJTAS “gourqre yy 
Biowate Cust hrrang.|icamasbmirtabe sie oie AI) mic cede Sine SRE E ne Bente Beene nen bene ooee oe Seer a eolsnd Opunitpyy |----"---- MOTTVANS Wied | 9gUIWMeYo 9p s{T[apuorlt yy | 
| | | 
See aaaS ae oc emai GA | ees es a a |e0cirineo che laeec obec old arehe ee aeo leas onan ta aaai 4c Bere yeaa ay eanang ay [ere = LOOMS LAL 9 8 eR UTED CR nae) Pet AUS | 
| | 
BS eee stzysoduz ophyog j-°-" 77> MOT[VALS YUV | “OSLIS O[[OPUOITAL | 
SNUITULUL SNTIPOOI, |" See erie a ee el ake OTONOUL-NvEST() 
SUDA) | *ssaqzau “DY | -suajayy | ‘Sdazaye | ‘ssajaw “by 
E> bias Pa ee EN I RE ie 2 a Eas Se ee ee 
“UBOLIOULY 10 Styli “YOuod sy 
Sure} ae ie re, eee SOs mee is Mee Mh eg re Oy Rae ge = = _ 
-sns poureysns 2 ae) me Ae) *Im04 “parry 
dayoul VISTO q % San re 6 -000 UTYITAS | jo "QUIeU IGIWIIIG 
aarmbs | s,parq yo | “worsod | F 10 io I aoVfang | IYSTO A 
aug wei Oud OL uvoW peords “QUILT MOTLULOL) 


THE EMPIRE OF THE AIR. 433 


Teal and Duck type.—These birds are the representatives of rapidity 
in flight. They flap to excess, supplied with carbon as they are by the 
heavy layer of oily fat which covers their pectoral muscles. This is the 
type to imitate for aviation with motors. These birds afford practical 
lessons as to methods of getting under way and of alighting, both of 
them points of capital importance. 

These birds need, like the scolopax, to traverse over long distances, 
from one lake to the next, and as they are weaponless speed is their 
sole safeguard. It is enough for their safety, for they are never at- 
tacked in the air. 

The eagle, their chief enemy, abandons pursuit as soon as they are 
well under way. 


The Pelican.—Here is a wag and a philosopher, a swift sybarite, 
mounted on two great wings. 

Where is his nest? Whence does he cometous? I confess | hardly 
know. I merely am aware that we see a good deal of him in Egypt. 
Great flocks of these birds are found on the inundated lands, upon the 
the Mareotis and the Manzaleh lakes. There are even some in the city, 
domesticated. I bought one for a dollar in the Mouski. Every year 
they are peddled in Cairo during November, December, and January. 


Fic. 4.—The Pelican. 


What a droll creature! I had two of these for my personal friends. 
They were more ludicrous than will be credited. But I must abstain, 
for if I were to begin telling of waggish tricks of pelicans, I never 
would be done. Let humorists treat themselves to one, and have no 
fear of his bill, which is quite inoffensive, and they will have their 
money’s worth of amusement. But, dropping the humoristic feature 
of this charming animal, let us attend to his flight. 

The pelican possesses a peculiarity in his structure; it is an exces- 
sive length of arm and fore arm. He is without a tail. His center of 
oscillation, or the limits within which he can shift his center of gravity 
without compromising his equipoise, lies within the branches of that 
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great flat AA which is outlined by his extended wings and body. This 
is the disposition of parts which gives him that equilibrium, length- 
wise, which his rudimentary tail could not furnish. 

His mode of flight is magnificent. He rows but seldom, for as soon 
as the wind permits he becomes a sailing bird. 

The effect produced by great mass is always surprising. If a bird 
be large and has adequate surface, he practices sailing flight, as wit- 
ness the pelican, who has less surface, proportionally, than the teal, 
and yet soars to perfection, while the other only rows. The teal is 
proportioned at 1 gram per 177 square millimetres (1 pound for each 
0.86 square feet), and the pelican at the rate of 1 gram per 150 square 
millimetres (1 pound for each 0.73 square feet). 

When in full flight he does not stretch out his neck a yard in front, 
like the goose, the stork, the swan, but he curves it back like the 
heron, and rests his head gently upon his shoulders, which attitude 
gives him a peculiarly graceful appearance. He then seems so much 
at his ease, he appears so comfortably posed upon his two immense 
wings, set at picturesque angles, that once well launched he seems to 
glide through space without the least fatigue. 

Of all the large birds he is certainly the one which presents the 
most elegant silhouette. The great vulture is rigid, and looks as if 
eut out of tin plate: the swan and the goose have an attitude as if 
already spitted; the eagle is stiff and all of a piece, but the pelican, 
notwithstanding his awkward heaviness when on the ground, becomes 
as graceful as a gull once he has mounted in the air. The varied atti- 
tudes of his wings, the great length of their arm and forearm, ofter 
every moment new aspects which the evolutions of other birds never 
present. 

In point of intelligence the pelican is among birds what the elephant 
is among mammals. Like the latter animal, a boundless curiosity 
attracts him to man. The doings of the sovereign of creation interest 
him profoundly. The attention which he bestows upon all movements 
is a sure sign of great intelligence. 

He will not, like the large birds of prey, morosely assume a gloomy 
state of sulks, beginning with his captivity and ending with his death; 
he will not go crouch in a corner and motionless ponder on his lost 
liberty—not a bit of it. After two or three days, if, without looking at 
him or apparently noticing him in any way, you are occupied in doing 
something, he will not let half an hour pass before he is between your 
legs, the better to observe your actions. Every now and then he will 
stretch out that frightful bill of his, but there is no need of extra 
guard; all there is to do is not to draw the hand back, because it might 
be cut agaist the saws of his mandibles. When he sees no reply to 
his overtures he will become almost troublesome in his familiarities: 
he will come into the house as if it were his own, he will pick fleas off 
the dogs, he will purloin a shoe, he will make way with a ball from the 
billiard table with an air of perfect innocence; and he will not even 
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cease his rascally tricks at night, for if he is allowed he will stay up, 
like the human biped. 

In the garden or yard, you must not expect him to fraternize with 
the other inmates; he has a profound contempt for these weak-headed 
winged creatures. He will not quit the neighborhood of man’s social 
gathering, but he will squat down all rolled up in a ball, in the middle 
of the group, rest his bill on his back, and from this vantage ground 
his intelligent eye will follow every gesture and every word spoken. 

He imposes himself upon man as his companion; he decides that his 
society will be accepted, and as after all he is not very troublesome, 
as—far from being repugnant—he is clean and stately, man gives in 
and becomes his friend. 

We have yet to speak of the pelican when in possession of his full 
wings, when he is able to fly; for up to this we have only described 
the bird whose wings have been clipped; but the chapter would be 
endless. I will only add this, that his familiarity grows with his 
wings. Judge then what it becomes when his plumage is complete. 

It might perhaps be possible to acclimate the pelican in Europe, in 
full liberty. He would find himself so expatriated that he might not 
attempt to escape. Should his wings be allowed to grow his first 
trials of flight would not permit him to think of undertaking a long 
journey; at most, he might visit the surrounding country the first 
year. Care being taken to keep him captive in September—the period 
of migration—we might in a country wherein hunting them was _ pro- 
hibited treat ourselves to the curious sight of the evolutions of these 
great water birds which ace as amiable as the swans which we have 
are stupid and mischievous. 


The Swan.—There are two cities where the swan is easily observed, 
Geneva and London. The foggy atmosphere of the Thames does not 
permit of keeping them in sight very long, moreover they look very 
melancholy on that foul stream. ‘ 

To observe them thoroughly, there is but one spot—the lake of Gen- 
eva. There these beautiful birds are quite at home, and act as if they 
owned the whole lake. 

They build their nests in the moats of the city, and make the rounds 
to beg, or rather to collect their daily rations of bread, as far as Ville- 
neuve. They even do more, they follow the steamboats and dip down 
to gather food thrown over to them; then when the boat has gained a 
mile or two ahead, they resume their flight, catch up with the ship and 
settle in its wake. 

Their flight is a composite of beats of small amplitude, alternated 
with rectilinear glidings. They do not wheel in circles like the pelicans 
and birds of prey; they always proceed in a straight line, like the 
ducks, the geese, and in fact like all birds which have but little propor- 
tional surface at their command. 
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The great eared-Owl.—The great eared-owl] is a curious creature, and a 
painter’s brush would better describe him than a pen. Those great 
horn-like ears, those large yellow eyes, that plumage spotted with crosses 
and drops, the noise which he makes when snapping his bill, which 
might be mistaken for that of a crackling bone; everything in fact, 
even its attitudes, give it a satanic air, little like anything in this world. 
But let us disregard this infernal aspect, and examine him in broad day. 

It is a large bird of prey; its talons are strong, its wings are power- 
ful; its beak, while almost entirely hidden beneath the hairy feathers 
protecting its nostrils, is nevertheless strong and with a force not 
found in the bill of most diurnal birds of prey. Its ears are very 
large; we seeat first sight, that in consequence of the enormous 
development of this organ, the sense of hearing must exist in great 
perfection. This group of brilliant qualities, joined to a reckless 
courage, render this bird an animal of extraordinary power. 

The great eared-owl might dispute with the eagle the empire of air. 
The eagle is like the lion; he has the noble look of royalty, whilst the 
tiger, which has only a brilliant reputation for ferocity, might easily 
dispute for the prey should both meet on the same hunting grounds. 


Fic. 5.—The great eared-Owl. 


Let us consider the bird further, for we are confronted with a re- 
markable creature. His bony frame is robust, his feathers are like 
hose of all nocturnal birds, of velvet-like softness; but this soft down 
covers muscles with a different order of action from those of the eagle; 
they are shorter, quicker, and more rigid in their contraction; the 
lever arms are longer. The flight is a marvel; it is excessively compli- 
cated in action. He soars perfectly well but rarely does so; he rows 
like a pigeon, and possesses moreover the faculty of stopping suddenly 
when at full speed, and of glancing off in another direction. This he 
does to avoid collision with tree trunks at every moment. The flight 
is absolutely silent. We see these large creatures flash under the 
foliage, and we do not hear a murmur. This silence results from the 
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conformation of the feathers, which are not constructed like those of 
diurnal birds, and the shock of the quills against each other is dead- 
ened by an exceedingly soft down. It is only at dawn, in the spring, 
that the bird is to be seen high in air; then an occasional couple is 
seen wheeling up high, but as the day advances they rapidly come down 
and make for their gloomy dens, where they remain crouched till sunset. 
One evening I witnessed the setting out of two owls on their hunt. I 
had climbed with a young guide to a cavern high up, and we looked down 
upon the pine forest. The day was dying away. We were sheltered be- 
hind a large rocky shoulder which hid us perfectly, and there we waited. 
Five minutes after sun-set an owl appeared, as if by enchantment, 
perched on a rock in front of the cavern. We had neither seen nor 
heard it come. A few instants later a second bird appeared, taller and 
larger than the first; this was the female, and it was huge; its height 
was at least 31 inches. They slowly turned their horned faces from 
side to side, then one awakened the echoes of the valley with three 
piercing notes, and yet harmonious, in the fashion of screech-ow] melody. 
The voice is strange and impresses much. Then the male descended 
to a rivulet flowing from the glacier; the female followed; they drank, 
bathed their faces a little and re-ascended to the rock where first we 
saw them. There they dried themselves and smoothed their feathers, 
and then they began to dance. I had been told beforehand of this 
performance and it had been described in terms so excessive that I had 
not believed; but now I witnessed the most grotesque scene which can 
beimagined. Fancy two huge creatures, by no means elegant, springing 
into the air alternately like jumping jacks, snapping their beaks by way 
of accompaniment. 

At this extraordinary sight a wild guffaw escaped me; the shepherd 
put his hand upon my arm to beg for silence. I looked for the birds 
and they were gone, the rock was bare; they flitted away as silently as 
theycame. I visited their eyrie; there was scattered aboutsome 400 or 500 
pounds*of bones, chiefly of the hare, of tips of partridges’ wings, and 
of the balls of hair rejected from the bird’s stomach. 

I possessed a couple of these birds in captivity. They were the 
young of the pair I have just described. During the ensuing year the 
little shepherd took them from the nest and brought them to me. 

These birds, although thew wing spread is nearly 6 feet across, 
flew perfectly well in a cage 16 by 40 feet. They went in different di- 
rections, making several whole rounds without coming to rest, while 
the large diurnal birds of prey in the same cage confined themselves 
to single journeys lengthways, passing over the space with three noisy 
beats of wing. . 


The Heron type.—This table comprises birds possessing large sustaining 
surfaces in proportion to their weight. Now what is nature’s object in en- 
dowing them with such excess in that direction? Itis probably to enable 
them to soar in calm weather when the wind is light, and above all to 
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alight without breaking their legs. It is clear however that they are 

hampered by this excess of surface; not one of them is remarkable as 

a flyer, neither as to velocity—which is easily explained, nor even as a 
permanent denizen of the air—which is more extraordinary. 

They are in fact so well equipped for sailing on light winds that the 
Surface resistance destroys all the other qualities when the breeze 
freshens. It is only when the weight becomes 4 pounds or more that 
the mass momentum succeeds in overcoming the friction of the air 
against these over-feathered wings. 

The birds first named in the table fly as unsteadily as the butterfly; 
the hoopoe, the armed plover, and the lapwing can advance against 
strong winds only by completely folding their wings. This deficiency 
diminishes with the increase in weight. The ibis flies better than the 
small heron, and both are distanced by the storks. 


\ 


| 


Fie. 6.--The grey Heron. 


We find, proof in this type that the useful, active surface of the wing 
lies in the hand and the forearm, and that the arm remains almost 
quiescent in flapping. The demonstration is palpable, as is ever the 
case in nature. The feathers of the humerus have been simply sup- 
pressed in most of the herons, and only those of the covert remain, 
which latter feathers are merely ornamental. 

The kestrel Falcon.—The kestrel is common in France. It inhabits 
our large cities. It is known by allobservers, and they doubtless have 
gathered their best knowledge from its evolutions. Its strength is great 
and it always rows when hunting; but when there comes a change of 
weather and the south wind sets in, then the creature climbs up soaring 
into the sky and exhibits its talents as a sailing bird, which talents are 
fully as great as might be expected from its mass. 

The peregrine Falcon.—A rare bird, and therefore difficult to study. 
An astonishing rower, reaching at times a velocity almost unique; the 
pigeon, the duck are then greatly out-distanced. 
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It soars well, but only when at leisure. It weighs 1.32 pounds, and 
its surface amounts to 1.72 square feet, berg in the proportion of 1.5 4 
square feet to the pound. ; 
* * * * * * * ; 
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Fic. 7.—Kestrel Falcon. 


Eagles.——With the fish-hawk (Pandion fluvialis) we reach the heavy 
birds. We still find a bird which beats the air, but already the re- 
sults of inertia are manifest. When the mass is 2 pounds or more there 
appears a steadiness in flight not found among the 1-pound birds. 


Soe 


a 


Fig 8.—Peregrine Falcon. 


The small eagles of Europe and of Africa, the imperial eagle with white 
back (Aquila heliaca), and the great golden eagle (Aquila chrysaéta) 
found in the Alps, all have the same modes of flight. Their talents 
as sailing birds increase with their weight. 

The necessities of their existence require many different qualities : 
First, they must be able to remain easily in the air, in order to survey 
the field, to watch a possible prey for whole hours; therefore they 
must be able to soar well, and this they do to perfection. Once the 
prey discovered, there needs be great speed to capture it, for often it is 
a duck, and a duck flies very fast; or it is a hare to be caught on the 
run, and this is not at all an easy enterprise. To gain this great speed 
the eagle utilizes gravity; he lets himself drop 200 or 300 yards, and 
employs the velocity so acquired with great dexterity to catch the 
game, These violent hunting exertions in catching other rapid animals 
require an enormous muscular power on the part of these birds, 


PHE EMPIRE OF ‘THE AIR. 443 


A few eagles are to be found in Savoy; they are the finest, but they 
are rare. Some few are also to be seen in Egypt. From time to time a 
passing bird is seen with an unusual figure; when it is far distant one 
remembers that it is an eagle. In Algeria I was enabled to observe 
this creature close at hand. In winter there were always three or four 
stationed some 200 yards from my farmhouse. They were hunting 
for wild ducks on a drowned meadow. Sometimes they came to in- 
spect my barnyard, but from a distance, as they were not well re- 
ceived. Upon the whole, they kept nearly as far away as one would 
desire for a chicken’s sake, for it does not take long to pick up a fowl. 
There is a tremendous outery from the roosters, then a terrible hissing 
and seuffle, and an unhappy egg producer is seen ascending into the 
air, strewing her feathers by the way during her dizzy rise. ~ 

The tales which are told of the eagle letting his prey drop when a 
gun is fired at him, even when beyond range, are perfectly true. 
Only in this, as in all else, it must be done at the proper moment. I 
once caused the experiment to be tried by a sportsman who doubted 
the fact. He made such haste that the eagle had not had time to kill 
the duck before letting him go; the result was that the eagle went one 
way and his victim another. As both by that time were three times 
beyond range, we had to be content with looking on. 

Not far from there, grew two great ash trees, where often in the 
spring eagles were seen in pairs. Here it was that occurred that 
wondrous tour de force of rising in the air, advancing against wind. 
an observation of prime importance already described in a preceding 
chapter. 

The great golden Hagle.—Here is undoubtedly the king of the birds. 
He possesses strength and courage. Having no enemy his equal, he 
peacefully passes long days in the beatitude of uncontested autocracy. 
The eagle fears none but man, and even him he fears but little. Brought 
to bay, he does not hesitate to hurl himself at his enemy. In eaptiv- 
ity he is at first exceedingly dangerous; his ferocious temper renders 
him an untamable animal. It requires great skill to succeed in im- 
pressing him with fear, and moreover he must not be excited, for then 
he will fight to the death. 

Nature has created him to keep down undue increase. In this he is 
like the felis (tigers, etc.), the squales (dog-fish, ete.), and the esowr 
(pike ete.) This tyrant of the air is abundantly provided with all the 
weapons necessary for his murderous life. His arms consist in eight 
talons as long as a finger, curved and sharp pointed and moved by 
terrible muscles. His much-hooked beak serves him to carve the ani- 
mal perforated by his talons. 

His wings are large and exceedingly strong. They are pre- 
eminently adapted to sailing flight. He rarely beats the air unless 
there is no wind, or unless he is loaded with a prey. Pen is power- 
less to depict the majesty of his gait, the amplitude of the immense 
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circles which he sweeps in the air. At times he is absolutely motion- 
less. Heis examining the field or watching a prey; then suddenly he 
drops hundreds of yards. He falls like a meteor with the velocity of 
bodies falling through space. 

The speed is such that it produces a sound difficult to describe. It is 
not like that of the bullet or of the cannon ball, but must be heard to 
get a true conception. Then, when within a dozen feet of earth, his 
wings’ great strength safely checks his descent; and this at once—in 
half a second—merely by expanding his wings to their full spread. 

Hisskillis wonderful; never amiss makes he. His eyes are excellent; 
from high up in the air he spies out the rabit hiding in the thicket, or 
the inconspicuous duck swimming among the reeds. He uses his talons, 
the arms with which he kills, in a remarkably skillful manner. In cap- 
tivity, when he is hungry, he catches on the fly the morsels of meat 
thrown to him with a single claw, and never misses them if they pass 
within his reach. His movements have all the precision of those of 
small birds. He is free, quick, sharp, and powerful in his movements; 
above all, his coup dil, the power of taking all in at a glance, is very 
remarkable. As the motor muscles of the eye-ball are but little devel- 
oped, he is compelled to turn his head whenever he desires to see any- 
thing sharply. His head then assumes splendid poses; his eye, that 
brilliant gem set under a deep arch, darts out lightning glances; his 
curved beak, his savage air, his sharp head feathers bristling up and 
forming a diadem—all that ensemble of vehement sweeping outline— 
make the eagle a model of power and of audacity. 

He lords it over a territory which he always selects of vast extent. 
All the smaller mammals dread him; the young of larger animals fear 
to be seen by him; the young chamois crouches up to its dam, the old 
bucks call the herd and stamp their feet with fury. Man himself—in 
infancy—has been attacked by him. 

He is intelligent only from a hunting point of view. A very interest- 
ing spectacle it is, that of a family of eagles making a battue in order 
to furnish the nest with provisions. 

The male is up 100 yards in air, quite motionless, the female is 
beating the thickets; her flight while doing this has an ease of great 
elegance; she follows the undulations of the ground without effort; 
glides from one hill to another, descends and re-ascends the mountain 
slope; then when a prey appears the two spouses are upon it almost 
at the same time. It often happens that a hare starting up 10 yards 
from the female is caught by the male, who was stationed 100 yards, in 
the air; he dives head foremost, is upon the prey in four or five sec- 
onds, and picks it up on the fly; then, if he isin the mountains, he first 
plunges in the valley with his load, and with great wing-beats re-as- 
cends to his eyrie. There the spoils are divided, and this never takes 
place without much dispute, spite of the charms of matrimonial bonds. 

Aside from this old leaven of ferocity, which constantly appears, the 
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family is perfectly well brought up, and above all abundantly sup- 
plied with nourishment. During the education of their young, fam- 
ilies of eagles consume enormous quantities of game; the eaglets dur- 
ing this period require much food in order to furnish material for the 
growth of their great feathers. Nature then inspires the parents with 
an activity, which, happily for neighboring hares and rabbits, has 


ee 1 
nothing in common with their usual indolence. During this time, this : 
period of activity, lasting a month, there is no respite; the vicinity of j 
the eyrieis generally encumbered with putrefying carcasses; but luckily ; 


the crows have an eye out for everything which is spoiling, and possess 
the audacity to go for it even in the eagle’s nest. All things con- 
sidered, the crows run little risk; they are so adroit that even in a very 
confined space they manage to escape. \ 

The great golden eagle, which I possessed for years, had always a 
magpie with him. There is no sort of malicious trick that this mis- 
chievous little creature did not play upon his terrible and taciturn 
companion, but he received no more attention than the tom-tits, which 
may be seen with the telescope roving among the branches among 
which the nest of the eagle is built. 

The eaglets, after a month and a half, are as big as papa and mam- 
ma. Their first flights are timid enough and the parents then follow 
chem with peculiar solicitude; then little by little, as skill in flight and 
hunting increases, the family affection wanes, the eyrie is abandoned, 
and each by degrees becomes a hunter upon his own account. - -— - 

Two eagles are rarely seen together when they have no young ones, 
Those shut up together in cages, all perish in the same manner, from 
a stroke of the talon, penetrating the brain. 


Vultures.—Let us rest long in our studies of this type of flight, for 
itis full of useful instruction: this is the type which will lead man to 
navigate the immensity of space. 

This great family of birds solves the problem of remaining in the air 
with the least expenditure of force; we may even say, in other words, 
that it is that which flies, or rather soars, with the utmost science. 
The life needs of the creature, here as everywhere, determine its kind 
of talent. The vulture, to make a living, must rise to a great height 
thence to gain a large field of observation, and he must there long 
remain without fatigue. 

Now consider the construction of this bird. His weight is very 
great, his wings are immense, both in length and breadth; his large 
proportional surface sustains him, and his great mass stores up mo- 
mentum. So we see him after a few beats of wing, at once begin to 
soar, climbing up in the air and floating there with no expenditure 
of force, save for the start and for guidance. Certain species of vul- 
tures, particularly the larger, absolutely can, upon a windy day, leave 
their perch in the morning, travel many leagues, spend the whole day 
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in the air, and get back to their perch at night without one single beat 
of their wings. 

In this family, velocity is only useful to the smaller species, which 
are, after a fashion, the purveyors of the larger; therefore the Egyptian 
vultures, the turkey-buzzards, the urubus, having to execute more 
varied movements expend much more force. 

Now, here is the way a vulture spends his day upon one or the other 

continent. The larger species have spent the night perched among 
rugged and inaccessible rocks, where they gather for shelter from the 
wind, if they have neither eggs nor young ones. The turkey-buzzards 
and the Egyptian vultures have been roosting in the lower regions, 
they are less fierce and much more intelligent. Thesun comes out and 
dries the dew collected on their feathers; the vultures stretch their 
wings, limber up the joints and trim the growing quills with all the 
care that the maintenance of an essential organ needs. About 7 
o’clock there are many flappings of the great wings, but without quit- 
ting the perch; then they sink their heads between their shoulders and 
resume their sinister, forbidding look. Between 8 and 9 o’clock the 
breeze begins to rise; once in a while the vulture glances into the 
valley through those magnificent eyes, unique in creation for their 
power, then with four or five great beats of wing he launches into space. 
He descends some 50 yards on rigid wings, and is then in full sailing 
flight. Thesmaller species, who are earlier risers, are already at work 
and searching for food. 

The large vultures sail at heights which vary with the species. The 
tawny vultures, the Sarcoramphes or papa of South America, gener- 
ally keep at elevations of 500 or 600 yards in the air; they are scarcely 
visible from the ground. The arrian vultures, the otogyps, the con- 
dors usually float much higher: they become quite invisible. 

The arrian vultures survey the movements of the tawny vultures, who 
in turn heve an eye upon the Egyptian vultures, which latter again 
watch the doings of the kites, and especially of the crows. 

In America the urubus is watched by the turkey-buzzard, the latter 
by the papa, and this last by the condor. 

As all these great birds of prey thus establish a complete net-work of 
observation over the earth, from the mere fact of mutual surveillance, 
just as soon as a meal is found all the neighbors close by start in that 
direction, they are at once followed by the others, and thus they 
assemble very rapidly. 

They scent the carcass, is the common expression. In point of fact 
this is quite incorrect, being impossible if the birds are to windward of 
the dead animal. Their olfactory apparatus is so little developed that 
it is quite insufficient to guide them to a carcass, even close at hand. 
This may be easily tested by hiding some tainted meat and attracting 
a vulture to the neighborhood. He will pass close to it without find- 
ing the meal; his sense of smell will not haye revealed it, 
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The attitudes of these birds in the air are particularly worthy of at- 


tention. Their aspect when sailing upon a wind of about 11 miles per 
hour, which velocity is best adapted to exhibit their faculties, becomes a 
most interesting study of flight without beat of wing. 

It is clear that to rise upon so feeble a current of air they must 
spread all their surface. At this speed of 11 miles per hour the Egyp- 
tian vulture holds his wings to an even straight line; the Gypoterax 
cathartoide slightly brings the tips of his pinions forward: the tawny 
vulture advances them so much that the angle produced in front is 
165°; the oricou or Nubian vulture goes much further, to make a sat- 
isfactory sketch of his attitude in flight, would require an angle of 
140°, 


The great tawny Vulture—We are now face to face with our desi- 
deratum. Wook at his beak! We might disregard his talons, but the 
beak is terrible, of a force not to be imagined; garments are insuffi- 
cient to protect a man from this beak. 
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Fig. 9.—The tawny Vulture. 


Once he is dead, your gorge rises, for the smell is horrible. This 
odious perfume is in no way fugacious, for it persists worse than musk; 
the whole body of the animal is impregnated with it. The room in 
which it remains for only a few hours will not lose that nauseating 
odor for many months. Then look out for lice; they are of good fig- 
ure. The first of the enormous parasites one sees, wandering over 
one’s clothes, causes inexpressible astonishment. However, notwith- 
standing its size, it is not dangerous, for it does not become accli- 
mated to man. 


But, passing by these petty annoyances, what a magnificent animal 
we have before our eyes. Here we have alar spread of 8 feet or more 
of wing, a weight of 16 pounds for this admirable living aeroplane. 
Beyond him there are but three or four varieties which surpass him in 
size, but without causing us to forget him. In any case he is quite 
their brother in sailing flight. 

Little need be said concerning the oricou (otegyps), save that the 
closest attention is required to recognize them in any group. 

As to the condors, inasmuch as their conformation is the same as 
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that of the vultures of the ancient continent, we may say, without risk- 
ing a mistake, that their mode of performance in the air is practically 
the same. 

We commend the special study of the ways of the tawny vulture. 
This will better—in five minutes—explain the action of sailing 
flight and the possibility of its imitation than long observations of all 
the other families of birds. 

The dominant note in this flight, the remarkable feature, is the 
decided tendency to perform all required manceuvers and evolutions 
by gliding, by soaring flight, and to avoid all performances which in- 
volve flapping the wings. The oricou and the arrian are in the same 
category; they even exaggerate this tendency. All these large birds 
only beat the air when there is a dead calm, an atmospheric circum- 
stance quite rare in Egypt, and as the slightest breeze suffices for 
their support it is rarely the tranquillity of the air which keeps them 
at rest. Rain troubles them much more than a calm; they seem 


Fig, 10.—The tawny Vulture. 


to dread. having wet wings. Great winds also disorder the econ- 
omy of ‘their mode of flight; they are proportioned to sail well 
upon an average wind, so when the wind freshens much they begin 
to encounter difficulties; and when it blows a tempest they seek shel. 
ter and do not stir out. This results from the great breadth of their 
wings, a breadth which by the resistance it offers completely deranges 
their facilities for locomotion. 

In order to encounter strong curreuts of air, there must be narrow 
wings; thus, observe the gulls, the stormy petrel, the albatross. Ina 
wind where all aboard ship is clewed up you will see them in full 
activity, chasing ardently and moving with ease—they are in their 
element; there is no beating the air; they are then, as if were, set on 
two rigid supports, much curved downwards, skimming the wave with 
astonishing precision, fingering it with their wing tips, rising and 
descending with the billows without ever being overtaken, These 
same birds, in a wind of 11 miles per hour, a light breeze, are com- 

H. Mis, 114 29 
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pelled to settle down on the water, to dabble around like common 
ducks; while in this same wind the great land-sailing birds sweep 
with ease those great circles which transport them, without fatigue, 
up to enormous heights. 

Thus the vulture is the bird which can utilize the feeblest current of 
air in order to obtain sustaining power; he exaggerates the type of 
what we might call permanent rest in the air. 

I have already said—and I repeat it, a large vulture can make long 
flights without once beating the air. I have seen the following perform. 
ance, not once but a hundred times: At the abattoirs of oriental cities 
vultures are to be seen in great numbers, waiting a propitious moment 
to get at their food, and sustaining themselves in the air meanwhile 
without a single beat of wing. They mount up out of sight, they de- 
scend within 200 yards of earth, advance against the wind, glide with 
the wind, slide to the right or left, cruising in a single hour over all 
the surrounding country to see if there be net a dead animal more easy 
of access; and they perform these maneuvers the whole day long, 
making twenty ascensions of 1,000 yards each, gliding over 100 leagues, 
and all this without one single stroke upon the air. 


Fig. 11.—Oricou or Nubian Vulture. 


When you go still-hunting for a tawny vulture, take notice how he 
first comes into sight; he does not then appear to be a large bird. At 
the altitude at which he habitually soars he appears of exactly the 
same size as the kites and the Egyptian vultures; he makes no more 
impression than they. You will however learn quickly to distinguish 
him by the angle to the front produced by his wings, by the absence 
of wing beats, and above all, by the slowness and steadiness with 
which he moves in space. This is an infallible sign by which to re- 
cognize him as far as the eye can reach. It is only much later that his 
true size will be understood, when he is only 200 or 300 yards off; 
and as he approaches within that distance he will grow in appear- 
ance much faster than other birds. You will further distinguish him 
by the peculiar spread of his wing tips. We may say that this is 
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the bird who spreads his primary feathers most widely apart from 


each other. There is at the extremity an open space between each 
quill about five times the width of the feather. 

Still another peculiarity: the primary feathers, instead of tapering 
towards the point, are constructed on the reverse plan; they seem to 
be implanted into the wing by the thin end; the outer tip being mate- 
rially wider than the part which seems to be attached to the wing, and 
which precedes the main widening of the barbs. These large feathers, 
widest at their tip and spread asunder, present a curious outline which 
would please artists greatly if they could ebserve this bird in his 
native habitat. 

To the peculiar construction described we must add the effects of the 
partial rotation of the quills within their sockets, which action is ob- 
served only in these large birds. These quills must be wonderfully 
strong and elastic, for the birds put them to severe proofs. During 
the efforts which he makes when starting up fromthe ground and when 
his pectoral muscles are doing their utmost, the tips of the feather 
point directly to the zemth. In short, from every point of view these 
great birds, when free, are exceedingly interesting to observe. There 
are altitudes, quite unknown to those who only see the bird in museums, 
which would confer success on an animal painter, if he reproduced 
them. 

But there must be freedom; otherwise, we have only eagles motion- 
less as milestones, or ill-smelling vultures worrying themselves to 
death, their heads smothered between their shoulders: two aspects 
which have nothing in common with that of these kings of air proudly 
traversing the immensity of the skies. The one circumstance which 
frequently deprives the observer of the chance of witnessing their in- 
teresting evolutions is the bird’s alarm. At the slightest apprehen- 
sion these great creatures resort to rowing flight, they desire to get 
rapidly beyond danger, so that developing all their powers with strokes 
of wing they quickly fly away. 

Their power of vision must be great; we may safely assume this, 
because these birds, of all flying creatures, are those whose mode of life 
requires the most extensive views. 

A sparrow needs a field of view of but a few hundred yards; a more 
powerful organ of sight would be needless, and therefore atrophied in 
a few generations; the sea birds need to observe the surface of the 
waves for only some dozen yards or so. It is not among these creatures 
that we must seek for those perfect lenses, capable of collecting all 
divergent rays of light. 

The hunting birds of prey, such for instance as the falcons and the 
eagles, often scrutinize the surface of the ground from a great height; 
the latter birds, especially, sometimes maintain themselves at an ele- 
vation of 400 or 500 yards while hunting; but what is that distance 
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when compared with the 3 or + miles required by the vultures to study 
their field of research? 

We may safely conclude that the constant necessity for seeing further 
than other birds has caused them to acquire in the organ of vision a per- 
fection not possessed by other birds. We must therefore be ourselves 
invisible to be able to witness their extraordinary evolutions when 
sailing; or better still, we must seek them in the primitive countries 
where they have not yet learned to be afraid of man, and even there 
we should wear adress which shall not attract their attention. for other- 
wise they will not come down to a meal. 

In order to see these birds, French observers must leave home. There 
are no vultures nearer than the high plateaus of central Auvergne, the 
Alps, and the Pyrenees, where there may be found (very rarely how- 
ever) the Gyps occidentalis, which is—on a smaller seale—the duplh- 
cate of Gyps fulvus, or tawny vulture of Africa. ; 

If chance does not bring to us one of the latter master soarers, we 
must entice him; a dead carcass planted in some isolated spot is the 
best means to attract him. By crossing the Mediterranean to Algeria 
one is certain, with a proper ‘bait, to see the bird, particularly in 
the autumn; for it is rather an uncertain enterprise to endeavor to find 
him in northern Africa in other months than September, October, and 
November. There are undoubtedly a few at all seasons, but it is only 
during those three months that they are in considerable 1umbers; 
either in consequence of their annual migrations from north to south, 
or from other causes. In any case, even where there are many they are 
not uniformly abundant. Sometimes we may chance upon a flock of a 
hundred, and then remain for years without seeing them except afar off. 

It is unfortunately an unknown bird to those interested in the prob- 
lem of flight, for not one person in a bundred has seen it in the air. In 
Algeria, even in Cairo, (where there are some sailing over the city every 
day during three months of the year,) most of the European residents 
are unaware of their existence. But when the student takes the pains 
to go where the bird is to be found; when he sees this great animal, large 
as a sheep, painfully rising from the ground with strokes upon the air 
whose hissing is heard 300 yards away in the silence of the desert; 
when he sees them afterwards describing their endless sweeps, he ap- 
preciates this most interesting sight; every human being is chained to 
the spot; even the Arab is stirred with emotion; for in this bird we 
have found motion under a new aspect; it resembles as to majesty and 
impressiveness the action of a locomotive at full speed. 

When we watch a martin flashing through space we think of high 
speed mechanism; when it is a snipe or a partridge which flies oft, we 
are reminded of the action of a released spring; a gull suggests per- 
petual motion or the endless sweep of a pendulum; but the view of the 
great vulture in sailing flight inspires at once the desire for imitation; 
itis a dirigible parachute which man may hope to re-produce. 
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THEORY OF THE AEROPLANE. 


Vertical and horizontal equilibrium.—Yo change the equipoise of his 
aéroplane in the vertical direction, the sailing bird makes use of his 
tail, which under the action of the imping air serves in all respects as 
a rudder; but he has a much more energetic means of displaying his 
center of gravity, which consists in altering his center of figure; that 
is to say by changing the form of his sustaining surface, and by dis- 
placing it in relation to his body. 


die. HAN INIXGK 
ii 


Fic. 12.—Wings in normal attitude. 


When the bird has disposed his organs of sailing flight in proper 
equipoise, when his aéroplane is set for efficient progress, as for example 
in Fig. 12, should any necessity whatever require him to ascend sud- 
denly, he will not employ his tail for that purpose, especially if it be a 
feeble one, because it will not produce sufficient action, but he stretches 
his wings forward, Fig. 13. His center of gravity and his center of 
figure thus recede decidedly to the rear, and upward gliding and ascen- 
sion must follow. 


Fic. 16.—Wings projected. 


If, on the other hand, the bird assumes the following attitude, Fig. 14, 
the center of gravity being carried forward produces downward gliding. 

These displacements, produced at will by the variable position of the 
wings and the guidance obtained by the action of the air on the tail, 
constitute the bird’s directing power in a vertical direction. 

As to guidance in the horizontal direction, it is very simply brought 
about. It is also almost always procured through the derangement in 
the equipoise of the atroplane, except with birds having very ample 
tails and thus possessing an organ capable of this service; these use 
it constantly, as witness the naucler and the kite. 
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When a bird is sweeping in a circle, the wing pointing towards the 
center of that circle is always less extended than that which sweeps 
the circumference, so that when a sailing bird is seen slightly to fold 
one of his wings, it may be known that he is about to turn towards 
that side, 


ith 
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Fic. 14.—Wings retracted. 


The whole body aids in this movement; the whole bird bears itself 
to that side, the tail, even when rudimentary and hence feeble in action, 
concurs in the execution of this maneuver. It is an instinctive action 
among the feathered tribe, just as with man, when he uses his arms to 
equilibrate himself on his legs. 

The two wings never balance each other perfectly; one side is 
always heavier than the other, as the surfaces are not equally divided. 
Differences in weights and surfaces cause a tilt towards the side most 
heavily loaded or exposing least surface, as the case may be; hence 
aeroplanes, whether machines or birds, always tend to sweep to one 
side or the other. To obtain rectilinear progression some corrective 
force must intervene. In the animated aéroplane this force consists in 
life; in artificial flying apparatus man will needs produce this force. It 
might be possible to produce rectilinear progression automatically, in 
large a@roplanes, by means of electrical apparatus, in which contacts 
would be made through the use of mercury which would seek its level. 

When we observe attentively a salling bird gliding in a strong and 
irregular current of wind, we are struck with the rapidity with which 
the center of gravity is shifted in order to satisfy the needs for support 
and for maintaining the course. <A puff of wind immediately results 
in a flexing of wings, their tips swing to the rear, the center of gray- 
ity advances in consequence, and thus neutralizes the increased pres- 
sure produced by the acceleration in the current of air. 

This adroit evolution, performed just at the right time, which at first 
sight seems to be an instinctive action of the creature, is probably after 
all simply automatic. We may be assured that this change in form of 
surface, this alteration in the equipoise is not produced by the con- 
scious vital action of the nerves, but is simply a phenomenon of muscu- 
lar elasticity. The bird receives the shock of the wind unconsciously, 
his attention is otherwise engaged, his wings are stretched at their 


456 THE EMFIRE OF THE AIR. 


usual tension. When they encounter a pressure greater than usual, 
the tips yield, swing to the rear, and. automatically perform the nec- 
essary Manceuver. ; 

In mechanical aéroplanes it will be indispensable, and very easy, to 
imitate nature in this act; two springs of calculated strength, main- 
taining the wings in the position of ordinary equipoise, might very 
well answer the purpose. 

It follows from the facts just stated that it is probable that birds often 
sail unconsciously. This is the conclusion resulting from attentive 
observation. Whosoever ‘has closely watched sailing birds will infer 
that during three-fourths of the time they expend neither force nor will 
power, that direct action on the part of the creature only occurs when 
he makes a decision, such as to change his gait or his direction. 

This line of thought leads us to fancy that the soaring birds sleep on 
the wing. Assuredly no bird actually goes dead to sleep during flight, 
yet those sufficiently gifted to spend six or eight hours in the air for no 
particular purpose must reach a state nearly approaching slumber, and 
which must be very restful. This may resemble the slumber of the 
horse while standing, in which he still retains sufficient control over his 
muscles to preserve the equipoise on his four legs. 

How far will automatic mechanism permit man to progress with his 
‘aéroplanes? It is easy to foresee, at first glance, that he need take 
action only when first starting, upon reaching decisions, and in final 
alighting; the rest of the time his faculties may be otherwise occupied, 
and it is quite certain that mere support will be attamed without com- 
pelling him to intervene at each instant. 


MAN-FLIGHT THEORETICALLY CONSIDERED. 


Is the reader then to infer that the author has dared to dream of 
surpassing nature in aérial evolutions? It is certain that before talking 
of improving upon nature, it would be more becoming to make an at- 
tempt to imitate her; not as a lord of creation, but as an humble adept. 
Yet, as the author has seriously contemplated producing a larger bird 
than any existing in nature, and as there may be some value in his 
thinkings, notwithstanding the deficiency of experiments, he will enter 
upon the question of possible man-flight. 

We are led to consider this question by nature herself; she oecasion- 
ally lifts a corner of the veil through certain evolutions of her favorite 
children. In point of fact, when we continually observe the sailing 
birds, when we expend on this study much time, much action, and much 
thought, we are rewarded once in a while—rarely, itis true—by the sight 
of some manceuver which sets us to dreaming of its imitation. 

We say to ourselves upon observing it: But why does not the bird, 
instead of fatiguing himself by wheeling, rowing or struggling as he 
generally does, always employ his present evolution, so economical of 
force? 


na fis eth tat ho be tad 


Lh Biddeg 


ee 


a are 9 
4 z ae 
i. , 

5 
4 


~ 3 - 


THE EMPIRE OF THE AIR. 457 


The answer is simple. If there be a creature with super-abundant 
life, it is the bird. With him, movement is not the result of reflection; 
it proceeds from the great excess of power he possesses, and as he 
knows no will but his own, he can not resist the desire and follows 
it to the detriment of his force. 

The simple comparison of the different modes of flight is already a 
step towards success; we have been able to select one mode as most 
available to man, and as best within the reach of his means of imita- 
tion. Letus take another step forward and consider which evolu- 
tions, among the numerous manceuvers performed by our chosen type, 
the great tawny vulture, it is most easy to re-produce, and what is 
most profitable for our purposes. Then, even while canvassing this 
selection, if we meet any happy thought, let us analyze it coolly but 
without shyness; for, by carrying it to an extreme we may perhaps 
find something new. 

Assuredly, when man shall have succeeded in utilizing the wind in 
flight, he will bring to bear his ingenuity upon that art and it will 
enable him not only to imitate nature but to surpass her perform- 
ances. Thus it will not be impracticable for him to produce a sailing 
apparatus more steady and slow than the condor or the oricou vulture; 
or perhaps a motor machine possessing greater speed than the teal; 
this he will do by exaggerating the features of these different modes of 
flight. But he will excel especially in the profound study of the science 
of flight. He will not, like the bird, be constantly distracted by his 
necessities or by fear; every movement will be foreseen and provided 
for; every danger and contingency will be vanquished in advance, and 
he will need but to mind his evolutions — a duty which he will fulfill 
resolutely, with his characteristic science. 

As methods of getting about—not to mention the railway, the steam- 
boat, or the balloon—iman has invented, out and out, two new modes 
of locémotion, complete in all their parts and with no analogue in 
nature: I mean the skate and the velocipede; why then should he not 
bring to perfection a mode already known, which nothing warrants 
considering as having reached its utmost limit? 

When the first dread has been conquered, when the horror of empty 
space has been mastered through habitude, intelligent man, after hav- 
ing re-produced all the gaits of the birds, will want to improve upon 
them. He will inquire whether there are not possibilities beyond them. 
Then with varied sustaining surfaces he will attempt to rise, advancing 
into the wind, or he will rise with a stern wind, both evolutions being 
performed without sweeping in circles; and beyond all this, he will 
attempt gliding backward. 

With the wind dead against him, man will needs study whether it 
is most advantageous to rise direct, even advancing to windward, as 
in the case of the eagles already herein described, or to sweep around 
in circles, thus drifting back and afterwards regaining the lost ground 
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at the expense.of height. This last procedure is the one generally 
employed by the birds, but as we know that they can do better upon 
occasion, it might be well to experiment. Birds are like all inferior 
creatures: they do not like to tax their brain with sustained attention, 
and the circling sweep brings no tax upon their heads, while it enables 
them to search for food. Inasmuch as man will only desire to get 
forward over the ground, and possesses greater faculties for combina- 
tions than birds, the care in balancing required by direct ascension 
will be mere sport to him. 

With the wind abeam nothing is more simple. All there is to do, so 
to speak, is to allow ourselves to sail. The sailing birds while doing 
this wear a happy look; the observer feels that they are laboring neither 
with body nor with brain, especially if the wind be brisk enough to 
sustain them well. If the breeze is feeble then they have to take to 
circling from time to time; but when it is sufficiently strong sailing on 
a quarter wind is certainly the most convenient, and it is the first mode 
which will be successfully employed by man. It will be the system 
causing the least difficulty, and which man will utilize much more than 
the bird, the former being always anxious to get to his journey’s end. 

A. brisk wind ought to permit of direct ascent, even if blowing from 
the direction sought; by facing the wind and rising while drifting back, 
or even by receiving it in the rear of the wroplane, that is to say by 
gliding with the wind during a lull, and turning an angle and descend- 
ing Slightly during a puffof wind. These two different manceuvers are 
performed by the sailing birds, but they employ them so rarely that 
they may be said not to be in their line. With a good wind, when we 
desire to proceed in its direction, both the ascent and the horizontal 
progress will be achieved in the latter manner. 

Summing up, even admitting that man shall invent no new manceu- 
vers, he will nevertheless have a choice among many, and their combi- 
nation will constitute what ought to be termed the human type of 
flight. We may condense our studies into a smaller compass and say: 
When the aéroplane enters into motion, its center of pressure varies in 
the direction of that motion and is displaced by an amount which 
varies with the speed. 

With machines “heavier than the air” aérial navigation may be com- 
passed with two separate classes of apparatus: (1) By machines with 
propellers. (2) By aéroplanes without propellers. 

The first class is quite outside of my present design. Mechanical 
science will eventually furnish quite a number of different solutions; 
such as flapping wings, propelling screws, rocket propulsion, ete. 

The second class—that is to say, the aéroplane without a propeller— 
it is the object of the present essay to promote. What has been stated 
herein permits me to affirm that in the flight of the sailing birds (the 
vultures, the eagles, and other birds which fly without beating the 
air), ascension 1s produced by the skillful use of the force of the wind, 
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and that the guidance is the result of skillful manceuvers; so that by 
a moderate wind a man can, with an aéroplane, unprovided with any 
motor whatever, rise up into the air aud direct himself at will, even 
against the wind itself. Man therefore can, with a rigid surface and 
a properly designed apparatus, repeat’ the manceuvers of ascension 
and guidance performed by the soaring birds, and will need to expend 
no muscular force whatever, save for guidance. 

As tothe exact shape to be given to the aéroplane, it need not be 
discussed in this chapter, because there are many shapes and devices 
which may be employed; but all forms of apparatus, however dissimi- 
lar, must be based upon this idea, which I repeat: Ascension is the 
result of the skillful use of the power of the wind, and no other force 
is required. : 

It will doubtless be very difficult for many persons to adinit that a 
bird can, with a moderate wind, remain a whole day in the air with no 
expenditure of force. They will endeavor to suppose some indiscern- 
ible pressures or some imperceptible beats. In point of fact the hu- 
man mind does not readily admit the above affirmation; it is astonished 
and seeks for all the evasions it can find. All those who have not seen 
the performance say, when ascension without expenditure of force is 
mentioned to them, ‘*Oh, weil, there were some motions which escaped 
your observation.” It even occurs sometimes that a chance or super- 
ficial observer who has had the good fortune to see this manceuver 
well performed by a bird, when he turns it over in his mind after- 
wards feels a doubt invading his understanding; the performance 
seems so astonishing, so paradoxical, that he asks himself whether his 
eyes did not deceive hin. 

For observation of this manceuver, in order to carry absolute con- 
viction, must bear upon the performance of the largest vultures, and 
upon them alone, and this is the reason: it is because all the other birds 
which ascend into the air by this process do not perform the necessary 
decomposition of forces required in all its naked simplicity. 

If we observe small birds, we see creatures weighing only a few 
ounces, the martin, the bee-eater, etc., perform this manceuver in high 
winds and high up in the air. But even when carefully observed with 
a telescope a doubt remains, in consequence of the enormous power of 
the martin, who can project himself forward more than a yard witha 
single beat of wing. 

The kites, buzzards, bustards, etc., when they rise, wheeling round, 
perform such complicated mancuvers as to permit a doubt. - - - 
To reach a vigorous, undeniable demonstration, we must discard even 
the great eagle, whose mancuver is not easily followed by the eye, and 
we must absolutely confine our observations to the vultures. Mere 
theorizing would never open up the conception of sailing flight; more- 
over, we may consider it a dead letter when human life is to be risked 
in experiment. The moral result of observation is infinitely more con- 
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vincing, but, alas, it is beyond the reach of most persons. It is not 


in Paris that the seeker will become convinced, it is not even in Europe, 
where soaring birds are so rare that months may pass without one 
being seen. 

In short, one must go abroad to enter this new path of investigation; 
the path through which I have reached absolute conviction, and which 
must be followed by all who desire to know what can be done. If they 
will thus observe the soaring birds in their own habitat, they will 
doubtless witness all the performances which I have described, and 
probably still others which have escaped me. 

But to be convinced a man must see; for to see, even only once, is 
better than a whole volume of explanations. Therefore, O reader, if 
you are interested in this subject, go and see for yourself and be 
edified. Go to the regions where dwell the birds which perform these 
demonstrations; and when you have beheld them for a few instants, 
being already initiated as to what to observe, comprehension will at 
once come into your understanding. 


Imperfect machines.—It is somewhat unfortunate that I have not suf- 
ficient space left for a little treatise upon ‘“‘ paper arrows.” This school 
boy’s toy, simple as it may seem, is quite instructive when its principles 
are studied. The arrow may be constructed in various forms, from the 
acute triangle, which is the type of speed, to the broadside rectangle, 
the aéroplane type, proportioned like a stormy petrel, in which the plane 
is narrowest in the direction of its motion. 

Moreover, we note that nature has not constructed all sailing birds 
upon the same model. If we compare the aspect of the great tawny 
vulture with that of the stormy petrel, who sails wonderfully in a high 
wind; or with the aspect of the tern, or the gannet, or the frigate-bird, 
when the latter assume their arrow-like forms, we shall perceive that 
there is a great diversity of models; we might even say there is an 
antagonism ii models, for we have noted that all of them are perfect 
in their flight as considered in relation to their life needs. But, not- 
withstanding these diversities, the gliding flight of each creature, 
whether supported on elongated or on square wings, is always based 
upon the same general principle; it results from the possibility of shift- 
ing the center of gravity by a change in the position of the sustaining 
surfaces, and this confers the faculty of maintaining equipoise in the air. 

Aéroplanes, provided with the necessary sustaining surfaces, and 
equipped with this faculty, will be sufficient to reproduce the sailing 
evolutions of the birds. We may now conclude, therefore, that a par- 
ticular, special shape is really not indispensable for aérial locomotion; 
all sorts of forms, even the most curious, may be utilized; only, they 
will produce the required decompositions of forces, under the action of 
the wind, in the ratio of their individual perfections. . 

Man may succeed in gliding on the wind with circular, triangular, 
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or rectangular forms, with aérial rafts in the shape of an arrow, with 
irregular forms even, provided always that he can shift the center of 
gravity as required; provided also, that the sustaining surface be suffi- 
cient in extent, and that the speed of the wind, or the speed of the 
eroplane, shall be about 22 miles per hour. 

The problem, thus broadly stated, leads to some curious consequences. 
Eventually, when success is achieved, we shall perhaps be quite 
surprised to see some second-hand apparatus circulating in the air; 
some wroplanes full of holes and rents, patched up, damaged and 
mended, holding together by the grace of Providence, and yet gliding 
along after a fashion. These will not be the best to resist the vicissi- 
tudes of the wind, but they will get along just the same. Now, what 
is the proof of this? I have conferred liberty upon kites“and upon 
Egyptian vultures whose flying surfaces were in deplorable condition; 
some with wings almost plucked to bare poles, some with a wing and a 
half only (this lack of counterpoise in their sustaining surfaces trou- 
bles them greatly). Il remember a particular pelican who glided upon 
an incredibie pair of wings. He had lost six or seven primary feathers 
at least, and the rest of his plumage was far from complete. Yet, 
when the wind blew fresh, he launched out from sloping ground and 
sometimes succeeded in getting under way. Once fairly up in air, he 
became most surprising. Gliding upon his ragged wings he would 
skim within a yard of the observer, his neck bent back, his head rest- 
ing upon his shoulders with an air of supreme impertinence. He 
would go out for a tour over the sea, would come back to inspect the 
market, and complete his perigrinations by settling down on the 
waves. A most curious thing it was to see this creature, which was 
quite tame, pass close at hand, very swiftly, near the spectators. He 
produced a strange sensation by gliding by with ease and no exertion. 
It was a foretaste of the pleasures of «rial speed—a sort of class-room 
gliding; in which the bird-professor was teaching the beholders the art 
of sailing flight. 

After all these digressions, the main question which comes up is the 
following: What is the least surface reauired to sustain a man and 
apparatus, weighing 176 pounds? 

The exact answer must be ascertained by experiment; but we may 
even now say that it probably will astonish by its mediocrity. My 
own idea is that 82 square feet will suffice, as a minimum, to sustain 
176 pounds in sailing flight. 

% % x * * * x 


Speculations as to results—After having discussed the benefits to be 
derived from the conquest of the air, let us now consider the pertur- 
bations which it may cause. Let us see whether there is not some blot 
ou the other side of the shield; for so important an achievement as 
this new mode of locomotion can not take place without producing dis- 
turbances, 


A62 THE EMPIRE OF THE ATR. 


Let us admit that the problem is solved, and let us speculate upon 
the effects upon society. Let us begin with property. Property will 
be riven with an enormous gap. With the patent insufficiency of in- 
closure. with intrusion into the privacy of home, hedges, walls, will no 
longer be of service; the inclosure under the roof will be incomplete 
and will need emendation. All this will constitute a curtailment of the 
privileges of possession, for a little consideration evidences the dimin- 
inished efticiency of barriers. We shall no longer be at home as here- 
tofore; there is no need to dwell on this, it is easily grasped. 

But what of the collectors of customs and the police in the presence 
of this new mode of locomotion? They often fail to control existing 
ways of communication which nevertheless are upon well-defined lines, 
where all must pass and are easily inspected. What will these officers 
do when they must watch the air, that immense pathway some 4 or 
5 miles high? During the day it may be possible to fancy some 
partly satisfactory surveillance; with a large force, good telescopes, 
fast cruisers of the air, we night perhaps exercise some control, but 
at night, what is to be done? How can we bar the empire of air? 
How can we so much as watch it when opaque fog annihilates the ef- 
fects of electric reflectors? Smugglers will certainly have such facili- 
ties for plying their industry, that the only thing to do will be to sup- 
press the custom-house entirely. 

But then what will become of the revenues and the balance of the 
budget? These perturbations to property, to the customs, to the po- 
lice, are mere bagatelles when compared to the perturbations which 
will result in political matters. After all there may be found in time 
means more or less sufficient to supervise the transportation of goods; 
men will become accustomed to the new limitation of privacy; but as 
to political matters we shall find ourselves in the presence of such fa- 
cilities for confusion that the like has not been seen since the tower of 
Babel. 

What will become of the army, this new invention being successful? 
All will have to be done over again; the fortifications, the manceuvers, 
the defenses of the frontiers, strategy, all is brought to naught. It 
will even cause, in a very short time, the suppression of nationalities; 
races will be rapidly commingled or destroyed, for there will no longer 
be efficient barriers, not even those movable barriers which we term 
armies. No more frontiers! No more insular seclusion! No more for- 
tresses! Whither are we drifting? 

It must be confessed that we are face to face with the great unknown. 
What will be the result? Will society perish? Assuredly no! 

As to the procedure that society will adopt to conform to this new 
mode of existence I have not the least idea, but it may be attirmed 
that society will emerge victorious from the struggle; that after the 
tempest caused by injured interests a period of restored equilibrium 
willfollow; and thatin theend at the cost of a time of distress, humanity 
will enter into possession of the empire of the air. 
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Thus we may recover our equanimity and calmly consider the pos- 
sibility of suecess. We may proceed toward that pharos, that beacon, 
which is the immeasurable law of nature and which we call progress; 
for human progress is Synonymous with welfare. 

Finally, I counsel the greatest possible prudence to all who under- 
take to solve the problem of sailing flight. Let them carefully canvass 
all the causes of accidents which it is possible to foresee; but once they 
have made this canvass, once they have completed their researches, I 
recommend them to act with energy and will, and I know of no better 
word to say to them than the one with which [ began this monograph: 
“Osez”—daring wins. 


PROGRESS OF ANTHROPOLOGY IN 1892. 


By Prof. Oris T. Mason. 


Anthropology has busied itself with the multiplication of societies, 
journals, congresses and other means of co-operative work. The bene- 
fit of this is seen in many ways; it prevents duplication; it puts ma- 
terial where it should be looked for; but, chief of all, it enables men to 
undertake enterprises that are entirely beyond the capacity and the 
resources of individuals. The increasing favor of the science is 
observed in the fact that most of the leading governments have at 
great expense organized explorations and studies. ‘The year 1892,” 
said Prof. Macalister before Section H of the British Association, “has 
not been futile in discoveries bearing on those great questions that are 
of popular interest.” Indeed, there has been a growth of wholesome 
doubt on questions concerning which men’s minds were thought to be 
settled. This will be seen most apparent in the archeological area, 
especially in America. The examination of ancient corner stones and 
foundations, the clearing away of encumbering materials, are prepara- 
tory to the strengthening of the structure at every point. 

The American Association for the Advancement of Science was held 
in Rochester, N. Y. As usual, the science of anthropology received 
a larger amount of attention, even outside section H. This fact is 
noticeable especially in the large number of papers devoted to domes- 
ticated animals and plants. 

The address of Vice-President Holmes had for its topic “ the evolu- 
tion of the asthetic.” The following papers were read; 

Proposed classification and international nomenclature of anthropologic sciences, 
D. G. Brinton. 

Tusayan legends of the Snake and Flute people, Matilda C. Stevenson. 

Primitive number systems, L. L. Conant. 

The Peabody Museum Honduras expedition, F. W. Putnam. 

Exploration of the main structure of Copan, Honduras, M. H. Saville. 

Vandalism among the antiquities of Yucatan anid Central America, id. 

Aboriginal quarries of flakable stone and their bearings upon the question of 
paleolithic man, W. H. Holmes. 

Sacred pipestone quarries of Minnesota and ancient copper mines of Lake Su- 
perior, 1d. 

On the so-called paleolithic implements of the upper Mississippi, id. 

Brief remarks upon the alphabet of Landa, H. T. Cresson, 
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Comparative chronology, W. J. McGee. 

The early religions of the Iroquois, W. M. Beauchamp. 

Early Indian forts in New York, id. 

Prehistoric earthworks in Henry County, Ind., T. B. Redding. 

Prehistoric objects from the Whitewater Valley, Amos W. Butler. 

Indian camping sites near Brookville, Ind., id. 

Earthworks near Anderson, Ind., id. 

Pebbles chipped by modern Indians as an aid to the study of the Trenton gravel 
implements, H. C. Mercer. 

Ancient earthworks in Ontario, C. A. Hirschfelder. 

Prehistoric trade in Ontario, td. 

Fort Aucient, Ohio, 8. S. Scoville. 

Copper implements and ornaments from the Hopewell group, Ross County, Ohio; 
W. K. Moorehead. 

The ruins ef southern Utah, id. 

Demonstration of a recently discovered cerebral porta. 

Pueblo myths and ceremonial dances, Ik. H. Cushing. 

Ancient hearth in stratified gravels on Whitewater River, Indiana, A. W. 
Butler. 

Skull of a pig having an arrowhead imbedded in the bone, 8. W. Claypole. 

Ruins of Tiahuanaco, A. E. Douglas. 

Involuntary movements, Joseph Jastrow. 

Pottery from a mound in Peoria, Ill., J. Kost. 

A definition of anthropology, O. T. Mason. 

The Department of Anthropology at the World’s Columbian Exposition, F. W.° 
Putmam. 

Model of serpent mound, Ohio, id. 

The address before Section I by its vice-president, Lester F. Ward, 
should not be overlooked in this connection. The subject is, ‘‘ The 
psychologic basis of social economics.” The active co-operation of Sec- 
tion H in anthropology at the World’s Fair was secured, and the 
association was adjourned to Madison, Wis., so as to be near the city 
of Chicago. Plans were laid to have the Association and the Congress 
of Anthropology continuous. 

At the British Association for the Advancement of Science, held 
in Edinburgh, August, 1892, the following committees reported work 
done along the lines of American anthropology: 

Report of the committee appointed for the purpose of editing a new 
edition of ‘Anthropological Notes and Queries.” 

Report of the committee for investigating the ruins of Mashonaland 
and the habits and customs of the inhabitants. 

Report of the committee appointed to report on the pre-historic and 
ancient remains of Glamorganshire. 

Highth report of the committee appointed to investigate the physi- 
cal characters, languages, and industrial and social condition of the 
Northwestern Tribes of the Dominion of Canada. 

Remarks on linguistic ethnology, introductory to the report on the 
Kootenay Indians of Southeastern British Columbia. 

Report on the Kootenay Indians of Southeastern British Columbia. 

Report of the committee appointed to investigate the habits, customs, 
physical characteristics, and religions of the natives of India. 
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Report of the committee for the purpose of carrying on the work of 
the anthropometric laboratory. 

The address before Section H—Anthropology—was delivered by 
President Alexander Macalister, M. D., F. R. 8., professor of anatomy 
in the University of Cambridge. 

The following papers were read: 


(1) Gn the organization of local anthropological research, by E. W. Brabrook. 

(2) Discovery of the common occurrence of palolithie weapons in Scotland, by 
Rey. Frederick Smith. 

(3) Notes on cyclopean architecture in the South Pacific Islands, by R. A. Stern- 
dale. 

(4) On a fronto-limbic formation of the human cerebrum, by Dr. L. Manouvrier, 
professor at the School of Anthropology, Paris. 

(5) The Indo-Europeans’ conception of a future life and its bearing upon their 
religions, by Prof. G. Hartwell Jones, M. A. 

(6) Exhibition of photographs, weapons, etc., of the Toba Indians of the Gran 
Chaco, by J. Graham Kerr. , ~£ 

(7) Exhibition of pre-paleolithic flints, by J. Montgomerie Bell. 

(8) The present inhabitants of Mashonaland and their origin, by J. Theodore Bent. 

(9) On the value of art in ethnology, by Prof. A. C. Haddon. 

(10) Similarity of hee ancient necropoleis in the Pyrenees and in North Brit- 
ain, by Dr. Phené, r. 

(11) A a eee a a ethnology of Jersey, by Andrew Dunlop, M.D., F. G. 

(12) On the past and present condition of the natives of the Friendly iter: or 
Tonga, by R. B. Leefe. 

(13) Damma Island and its natives, by P. W. Bassett-Smith, surgeon R. N., r. R. 
M.S. 

(A discussion on anthropometric identification was opened by Dr. L. Manouvrier, 
of Paris.) 

(14) Some developmental and evolutional aspects of criminal anthropology, by 
7T. S. Clouston, M. D., F. R. 8. E. 

(15) On a coiffure from the South Seas, by Sir W. Turner. 

(16) On the articular processes of the vertebrie in the gorilla compared with 
those in man, and on costo-vertebral variation in the gorilla, by Prof. Struthers, 
Mee Li. D, 

(17) On the probable derivation of some characteristic sounds in certain Jan- 
guages from cries or noises made by animals, by J. Mansel Weale. 

(18) On the prehensile power of infants, by Dr. Louis Robinson. 

(19) The integumentafy grooves on the palm of the hand and sole of the foot 
of man and the anthropoid apes, by David Hepburn, M. D., C. M., F. R. Ss. E., senior 
demonstrator of anatomy, University of Edinburgh. 

(20) On the contemporaneity of man and the moa, by H. O. Forbes. 

(21) A discussion on human osteometry was opened by Dr. J. G. Garson. 

(22) Exhibition of composite photographs of United States soldiers, by Dr. J. G. 
Garson. 

(23) Observations as to physical deviations from the normal as seen among 50,000 
children, by Francis Warner, M, D. 

(24) On the brain of the Australian, by Pref A. Macalister, 

(25) On skulls from Mobanga, Upper Congo, by Prof. A. Macalister. 

(26) On some facial characters of the ancient Egyptians, by Prof. A. Macalister. 

(27) On some very ancient skeletons from Medum, Egypt, by J. G. Garson, M. D. 

(28) On askull from Port Talbot, Glamorganshire, by C. Phillips, B. A. 

(29) On trepanning the human skull in prehistoric times, by Robert Munro, M. 
A., M. D. 
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(30) On the use of narcotics by the Nicobar Islanvers, and certain deformations 
connected therewith, by E. H. Man, 

(31) Exhibition of the philograph—a simple apparatus for the pranarnee of 
lecture diagrams, by G. W. Bloxam, M. A. 

(32) Exhibition of photographs representing the prehensile power of infants, by 
L. Robinson, M. D. 


The strong point for anthropology in the British Association is its 
eminent committees, which have guided exploration in many directions. 
In the French Association for the Advancement of Science, held at Pau 
under the presidency of Dr. Magitot, September 15-21, the following 
papers on the program are of interest to anthropologists in general: 


Affinities between the Basque language and certain idioms of the two continents 
Charency, Vinson, Manouvrier, Azema, Guillibeau, Guido Cora, and Dodgson; Les 
Tziganes, Guido Cora; archeology of the Pyrenees, Cartailhac; depopulation of 
France, Chervin; prehistoric finds in the valley of the Vézére, Girod et Masserrat; 
anthropology and the archeology of the Pyrenees, a discussion, proposed by M. 
Piette; Le Tonkin, Barbier. The question of the Basques, their anthropological 
characters, their history, their language, their traditions, and folklore consumed the 
bulk of the time. 


The twenty-third annual session ot the German Anthropological 
Society was held ii Uln, August 1-3. . The following important mat- 
ters were discussed : 


Ein Bild aus Schwabens Vorzeit, E. von Tréltsch. 
Wissenschaftlicher Jahresbericht, J. Ranke. 

Die Schiidel von Cannstadt und Neanderthal, vy. Hélder. 
Die anthropologische Stellung der Juden, I’. von Luschau., 


Die Menschenrassen Europas und die Frage nach der Herkunft der Arier, J- 
Kollmann. 
Anthropologisches aus Malacca, R. Virchow. 


The German Anthropological Society devotes all its time to this one 
subject. In their national congress of naturalists and physicians, topics 
relating to man are also discussed by German Anthropologists. 

At the eleventh session of the congres internationaux Warchéologie 
préhistorique et d’anthropologie, convened at Moscow, the following 
papers were read: 


What is the most ancient race of central Russia? Anatole Bogdanoy. 
The races of men in Europe and the Aryan question. Dr. Kollmann. 


The anthropometric types of great Russians in the central governments of Russia. 
Zograt. 

New classification of human crania. Prof. Sergi, 

On ancient skulls in Russia artificially deformed. Dr, Anoutchine. 

Review of the anthropometry of peoples of Transcaucasia. Ernest Chantre. 

‘Race in anthropology. Paul Topinard. 

Proposal for a reformed nomenclature of the peoples of Asia. Ernest Chantre. 

Anthropometric methods practiced in Russia. ZLograt. 

Three commissioners were appointed during the congress, upon 


craneometry, on anthropometry, and on the nomenclature of the peo- 
ples of Asia. 


po The first named urder the chairmanship of Virchow, reported at the 
> eee, as follows: 


; I. Norma or orientation of the skulls. Each one is free to take the one which he 
fers. The norma horizontalis or auriculo orbitaire is recommended for drawings 
and for photographs. 

Il. Great diameters—The maximum length and the maximum transvere width 
according to the French method are adopted to the exclusion of other analogous 
diameters. Whenever these last are employed they must be announced. 

Il. Frontal diameters.—To the minimum frontal width, adopted only in Germany, 


is added the maximum width, which ought to be measured on the Stephanic point, 


of Broca. 

IV. Total height of the skull. —This measure should be preserved, but it ought to 
be taken or it will fall into disuse. 

The committee prefer for this purpose the compass of Virchow. If 
this instrument is not adopted the legs of Broca’s sliding compass 
must be lengthened. The utility of this modification is perceived in 
mensurations on the living. It is only with a compass with long 
branches that the total height of the skull can be taken through the 
auricular points. 

V. The curves.—The curves umst be taken with a steel metric ribbon. The hor- 
izontal should pass around the supraciliary arches and the most salient points. 
The transverse by the auditory openings and the bregma. 

VI. The face.—The width ought to be taken no longer on the jugomaxillary sutures, 
but upon the two points that give the maximum width. The height of the nasion 
ought to be taken at the upper alveolar point. The total height of the nasion on 
the mentonal points. 

VII. The orbits.—The diameters of the orbits ought to be measnred on the internal 
borders. For the width the dacrion should be abandoned. 

VUI. The ophrio-naso-alveolar angle ought to be taken with the facial goniometer 
of Ranke or with that of Broca. In this, as in all ineasures, the instruments and the 
methods should be stated. 

In his paper before the tenth congress of archeology and anthro- 
pology, Ernest Chantre made a report on the measurements of the 
peoples of the Caucasus, of which the following is the abstract: 

(1) Armenians, brown, brachycephalous, mesoprosopic, leptorrhine, and above the 
medium in stature. 

(2) Aderbeijanis, brown, dolichocephalons, dolichoprosopic, leptorrhine, and above 
the medium stature. 

(3) Kurds, generally brown, with elongated faces, eyes never bridged, dolicho- 
cephalous, leptorrhine, and above the medium stature. 

(4) Aissori, brown, ultra-brachycephalous. There is also. to be remarked among 
them mesoprosopism, leptorrhinism, and a stature below the mean. 

(5) Tadjiks, very brown, mesoprosopic, Jeptorrhine, dolichocephalic, tall. 

(6) Hadjemi Persians, very brown also, leptorrhine, dolichocephalic, dolicho- 
prosopic, and of medium stature. 

(7) Jews, medium color, ultra-brachycephalic. They are distinguished by their 
mesoprosopism, their leptorrhinism, and medium stature. 

(8) The Afghans are brown, brachycephalic, mesoprosopic, leptorrhine, and tall 
in stature. 

(9) The Kalmucks are brown, mesorrhine. The eyes are bridged, the face wide. 
They are brachycephalic and of stature above the mean. 

(10) The Lesghians are chestnut in color, ultra-brachycephalic, mesoprosopic, 
leptorrhine, and very tall. 
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This is by far the most important assemblage of anthropologists im 
Europe. Through their increasingly closer co-operation it is hoped to 
unify methods of research that reports from one country may be taken 
ap and utilized in another. This in some lines has been hitherto im- 
practicable. 

At the Australian Association for the Advancement of Science, held 
January 7 to 14, the president of the section of anthropology was the 
Rey. Lorimer Fison. The following is a list of subjects and authors : 

The story of Tie and Rie, Hervey Is., Dr. Gill. 

The omens of pregnancy, Mangaia, Dr. Gill. 

New Britain and its people, B. Danks. 

Sydney natives fifty years ago, W. B. Clarke. 

Group marriage and relationship, L. Fison. 

Nair polyandry and Dieri Pirauru, L. Fison. 

Samoa and Loyalty islands, 8. Ella. 

Cave. paintings of Australia, J. Matthews. 

New Hebrides, D. Macdonald. 

Notes on the Taunese, W. Gray. 

At the eighth annual meeting of the Indiana Academy of Science, 
held in Indianapolis, December 28 and 29, the following papers of 
authropologic interest were read : 

Kvidences of man’s early existence in Indiana, from the oldest river gravels along 
the White Water River, by A. W. Butler. 

The Crawford mound, by H. M. Stoops. 

Notes on archwology in Mexico, by J. T. Scovell. 

Ancient earthworks near Anderson, Ind., by F. A. Walker. 

Archeology near Tippecanoe County, by O. J. Craig. 

Some Indian camping sites near Brookville, by A. W. Butler. 

Remarkable pre-historic relic, by E. Pleas. 

The mounds of Brookville Township, Franklin County, Ind., by H. M. Stoops. 

Remarks on archeological map making, by A. W. Butler. 

The preparation for the World’s Columbian Exposition oceupied the 
time of most of the American anthropologists in 1892. A classification 
of the material was first made upon a purely anthropolegical basis, 
and in its completed form made full provision in Department M for 

‘this subject under the topics: Ethnology, Archeology, Progress of 
Labor and Invention. 

The exhibit was bound by the law creating the Exposition to be 
double—the Government portion and the Exposition portion or depart- 
ment. 

In order to avoid all confliets it was arranged that the first-named 
display should set forth the resources and methods of the Government 
in the prosecution of anthropological work. The completion of the 
great linguistic map furnished the key-note, and all the national ex- 
hibits were set up around the ideas there set forth. 

The area covered by the Department M was of a much wider scope. 
Somatic and functional anthropology were to have the widest range, 
and tribes of living peoples were to encamp on the grounds to give em- 
phasis to the exhibits. A separate building was provided for, in which 
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the phases of the subject should be separately treated and tiie different 
countries might make their displays. The following is the scheme of 
the display: 

GROUP 159. 


VIEWS, PLANS, OR MODELS, OF PRE-HISTORIC ARCHITECTURAL MONUMENTS AND 
HABITATIONS. 


Class 959.—Caves, natural, artificial; dwellings, natural, artificial. 
Class 940.—Lacustrine dwellings, dolmens, tumuli, menhirs, cromlechs, alignments, 
cupstones, graves, cists, crematories. 
Class 941.—Cliff and other dwellings, models of dwellings, shelters, skin lodges, 
yourts, huts (of bark, grass, etc.), wooden houses. 
Class 942,—Appurtenances. Sweat houses (models), totem posts, gable ornaments, 
locks. = 
Group 160.—Furniture and clothing of aboriginal, uncivilized, and but partly 
civilized races. 
Class 943.—Household utensils and furniture. 
Class 944,—Articles serving in use of narcotics. 
Class 945,—Articles used in transportation. 
Class 946.—Clothing and adornment. 
Group 161.—Implements of war and the chase. 
Group 162.—Tools and implements of industrial operations. 
Class 947.—Gathering and storing food other than game. Water vessels. 
Class 948.—-Articles used in cooking and eating. 
Class 949.—Apparatus for making clothing and ornaments and of weaving. 
Group 163.—Athletic exercises. Games. 
Groupr 164.—Objects of spiritual significance and veneration. 
Group 165.—Historic archeology. 
Group 166.—Models of ancient vessels. 
Group 167.—Re-produections of ancient maps. 
Group 168.—Ancient buildings, cities, and monuments of the period anterior to 
the Discovery. 
Group 169.—Habitations, ete., built since the Discovery. 
Group 170.—Originals, copies, or models of notable inventions. 
Group 171.—Amelioration of life and labor, 
Group 142.—Woman’s work. 
Group 173.—State, national, and foreign government exhibits. 
Group 174.—The North American Indians. 
Grover 175.—Portraits, busts, and statues of great inventors and benefactors. 
Group 176.—Isolated and collective exhibits. 


By act approved May 2, 1892, the Congress of the United States au- 
thorized a representation in the Expositicn of Madrid to commemorate 
the quadrocentennial of the discovery of America. The various De- 
partments and the National Museum were authorized to participate. 
Tn addition to this Government display, the Hemenway Expedition, the 
Peabody Museum, the University of Pennsylvania, the Academy of 
Natural Sciences of Philadelphia took part in the exhibits from the 
United States. The South American republics were well represented, 
as well as Mexico and Central America. The Exposition, lasting six 
months, was held in the new museum and library building in Madrid. 
It afforded the rarest opportunity of bringing together a great variety 
of art products from the two Americas. 
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A great deal of the material mounted in Washington for the World’s 
Fair in Chicago was exhibited in Madrid, adding to the interest of the 
exhibit. The catalogue was prepared by Mr. Walter Hough, of the 
U.S. National Museum, and an account given by the same author in 
the American Anthropologist for July, 1893, 271-277. | 

Dr. Brinton assumed control of the current notes on anthropology =~ 
in Science (New York), enabling the reader to profit at small expense 
by a vast amount of research, especially into European literature inac- 
cessible to most. The method pursued is to devote short paragraphs 
to the comprehensive statement of the author’s aim and a short analy- 
sis of the work. 

An extensive catalogue of anthropological literature is to be found 
in each volume of Archiv fiir Anthropologie, classified as follows: 

J. Pre-history and Archaeology: 1. Germany; U. Austria; 111. Switzerland; Iv. 
Great Britain; v. Denmark; vi. Sweden; vu. Norway; vul. France; rx. Belgium; 
x. Italy; x1. America. 

II. Anatomy: I. 1888; 1. 1889; 111. 1890. 

Ill. Vélkerkunde (1890): 1. Sources; 1. Ethnology (1. Methods, history of the 
science; 2. General anthropology; 3. Influence of climate and environment; 4. 
General sociology; 5. Special sociology). 

Ill. Ethnography: 1. General ethnography; 11. Special ethnography (A. Europe, 
with 15 subdivisions; B. Asia, with 13 divisions, each with several subdivisions; C. 
Australia, with 4 divisions; D. Africa, with9 divisions; E. America, with 4 divisions), 

IV. Zoology: Account of zoological literature in connection with anthropology 
for the year 1890. (A. Mammals and human remains from the diluvium and pre- 
historic times; B. Mammals from the diluvium, with no near association with 
man; C. Mammals from the Tertiary and Mesozoic times; D. Recent mammals, both 
systematic study and distribution. ) 


i es Oo 


There are many things to be said in favor of the classified bibliogra- 
phy, but the tendency nowadays is to a single alphabet. The title col- 
lection of the Archiv is excellently done, and frequently a brief review 
accompanies of great value. The only drawback to the handy use of 
such a bibliography is the impracticability of carrying so long an 
analysis in the memory. The list is especially full by reason of its in- 
cluding only works that are two years behind the date of the Archiv. 


I, BIOLOGICAL ANTHROPOLOGY. 


Dr. Friedrich Ratzel’s Anthropogeographie at the close of 1891 
reached the end of its second volume. In the first volume the 
physiographical and the climatological differences were discussed as 
conditioning the varied forms of settlement and civilization and the 
endless varieties of mankind. 

The second volume is devoted to bio-geography, including a graphic 
picture of human distribution, a sketch of the peopling of the earth as 
a whole (the wkwmene of the Greeks) and the effect of position in this 
aekumene. In the second part of this volume some important matters 
are taken up, namely, the significance of the density and the distri- 
bution of populations, the want of progress in some peoples, their ex- 
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tinction when brought into contact with higher culture, and their self- 
annihilation. The earth as modified by human action is an old theme, 
but with the new light of modern science the books of Guyot and 
Ritter and Marsh may be re-written. The author of this series has 
qualified himself for this task by a series of lectures, the repetition of 
which has made him quite familiar with all phases of the subject. 

Anthropometry —Dr. R. Collignon, of Cherbourg, France, issued a 
Projet d’Entente Internationale pour arréter un Programme Commun 
de Recherches Anthropologiques. - The object of this projet is to bring 
about uniformity everywhere in the matter of bodily measurements. 
In reading up the action of the several national associations and inter- 
national congresses the reader will see that the old struggle for agree: 
ment concerning common measures and method goes on. The conviec- 
tion is continually strengthened that no good results can precede such 
agreement. 

M. Etienne Rollet published in Revue Scientifique in August (vol. 
50, p. 170-175) a table of coefficients for deducing stature from the 
measurement of the long bones. 


| j | 
| Femur. | Tibia. | Fibula. |Humerus.) Radius. Ulna. | 
| | | 


Minimum........ > 3:66 453 | 4.58 | 5.06 | 6.86 6.41 
2 


| / | 
Maximum ..--<-. | 3.71 461 | 4.66 | 5.22 | 7.16 | 6.66 
| | | 


Multiply the length of the long bone named by the coefficient in the 
table to obtain the stature. The worth of the publication is greatly 
enhanced by a multitude of references to authorities. 

In his work entitled L’ Homme dans la Nature (Paris, 1891, Balliére), 
Paul Topinard makes the following résumé of his studies: 


First Sub-order— Man. 
= ( First family, Anthropoids. 
| Second family, Pithecide. 
) Third family, Cebide. 
[ Fourth family, Arctopithecide. 
Third Sub-order— The Lemurs. 
[ Nature, Lond., Mar. 17, 1892. 


Second Sub-order, The Monkeys. 


In comparing woman’s brain with man’s, Prof. Crichton Browne con- 
firms the inferiority of the former, amounting to thirty grammes, cor- 
rection made of the coefficient of stature. He has proved that the 
frontal lobes are not so well irrigated by the blood, and that, on the 
contrary, the circulation of blood is more active in the posterior and 
superior portions. The posterior parts of the encephalon, cervelet, and 
occipital lobes are more developed in women, and that their left brain 
weighs less than their right brain. The convolutions are less compli- 
cated than in men. The caliber of the internal and the vertebral car- 
otid present marked differences in the two sexes. Whence it results 
that the distribution of blood in the brains of the two sexes differ 


ATA PROGRESS OF ANTHROPOLOGY IN 1892. 


greatly. The internal caroted with its principal branches (cerebral, 
anterior, and intermediate), which are distributed among the suborbital 
convolutions of the insula, of the Rolandic region, and of the first sphe- 
noidal convolutions, are larger, absolutely and relatively, in men than 
in women. On the contrary, the vertebral carotid, which is distributed 
among the occipital and temporo-sphenoidal lobes, are larger in women 
than in men, and the basilar trunk, which is only a continuation of the 
vertebral, is also larger, its mean diameter being 28™™ in woman and 
26™™ in man. 


Il. PSYCHOLOGY. 


Prof. Ward, in his vice-presidential address before Section I of the 
American Association, says that the doctrines of physiocracy laisse 
fairé and Spencerian individualism and the biologic economy gener- 
ally are not sustained, and that the facts which society presents are 
for the most part the reverse of those which were promised by them. 
The explanation is that the old political economy is true only of irra- 
tional animals and is altogether inapplicable to rational man. Darwin 
modestly confesses that he derived his original conceptions of natural 
selection from the reading of Malthus on Population. But he did not, 
perhaps, perceive that in applying the law of Malthus to the animal 
world he was introducing it into the only field in which it holds true. 
Yet such is the case, and for the reason that the advent with man of 
the thinking, knowing, foreseeing, calculating, designing, inventing, 
and constructing faculty, which is wanting in lower creatures, repealed 
the biologic law or law of nature and enacted in its stead the phycho- 
logic law, the law of mind. 

In the American Journal of Psychology (1892, rv, 491-502) communi- 
cations are made to the editor of courses in experimental psychology 
as follows: In London the present examiners in mental science are 
Dr. James Sully and Prof. Knight. In University College (Gower 
street) Prof. Croom Robertson conducts the instruction. King’s Col- 
lege, Bedford College, and the City of London College affiliated with 
the University provide teaching in psychology. But there is no labora- 
tory in any of them for experimental psychology and research, indeed 
the only one in England is at the University of Cambridge. 

In Copenhagen there is at the university a psychological labora- 
tory under the direction of Dr. Lehman. The instruction in philoso- 
phy is under the direction of Prof. Harold Hoffding. 

In 1891, a chair of experimental psychology was created in the 
faculty of sciences of the University of Geneva, but without a labo- 
ratory. Wladimir y. Tschisch presents a brief report on the clinic for 
nervous and mental diseases in Dorpat. 

Yale University has provided a course of study in experimental phil- 
osophy with reference to the degree of Doctor of Philosophy. 

Three courses of psychological instruetion were pursued in Harvard. 
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A department of psychology was opened in Cornell University in 
connection with the Susan Linn Sage School of Philosophy. 

In the German universities the following lectures were reported: 

Leipziy.—Wundt, special investigations and exercises in the psychological labora- 
tory; Kulpe, introductory course; Gléckuer, pedagogical psychology; Flechsig, 
psychiatrical clinic, forensic psychiatry. 

Berlin.—Dilthey, lectures on psychology and pedagogy; Lazarus, lectures on 
psychology; Ebbinghaus, lectures and experimental psychology; Jolly, pathology 
and therapeutics of mental diseases. 

Gonn.—Elements of psychology; Pelman, mental disturbance that borders on in- 
sanity; Kochs, hypnotism, sleep, and the narcotic condition. 

Gottingen, —G. E. Miiller, lectures and experimental psychological investigations ; 
Meyers, psychiatric clinic. 

Heidelberg.—Kraepelin, physiological psychology and psychiatrical clinic. 


Dr. William O. Krohn spent nine months working in the celebrated 
university centers of Europe, Heidelberg, Strasburg, Zurich, Freiberg, 
Munich, Prag, Berlin, Halle, Géttingen, and Bonn. In each of these 
the laboratories were carefully inspected and in some of them the doctor 
carried on experimental work. (See Am. J. Psychol., tv, 585-594.) 

The Institute Psycho-Physiologique de Paris was founded in 1891 
for the theoretical and practical study of the psychological and thera- 
peutical applications of hypnotism. 

The Societé d’Hypnologie of Paris heid monthly meetings. 

Prof. E. W. Scripture proposes in the psychological notes of the 
American Journal of Psychology (iv, 584) a list of terms with defini- 
tions for psychological use, according to the meanings attached to 
them: 

(1) Feelings are the indivisible elements into which mental phenom- 
ena are composed. LEvery fact of consciousness that has not been 
proved to be a combination of other facts is to be called a feeling. 

(2) Sensations are those feelings which are regarded as coming from 
withotit; they are passively experienced feelings. 

(3) Impulses are those feelings that are regarded as originated in the 
mind itself; they are actively experienced feelings. 

(4) Ideas are compounds of feelings of any kind. 

(5) Percepts are those ideas that are composed mainly of sensations. 

(6) Volitions are those ideas that are composed mainly of impulses, 

The American branch of the Society for Physical Research was held 
in Columbia College, New York, February 10. Prof. James gave a com- 
munication on the census of hallucinations, and B. I’. Underwood one 
on experiments in automatic writing. M. Binet contends that asso- 
ciated with the same physical individual there may be two or more 
personalities, both of which are conscious. They may be co-existent 
or successive. Anesthesia is the barrier which separates co-existent 
personalities; amnesia the barrier which separates successive person. 
alities. ‘En un mot, il peut y avoir chez un menu individu, pluralité 
de mémoires, pluralité de consciences, pluraiité de personalites; et 
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chacune de ces consciences, de ces personalités ne connait que ce qui 
se passe sur son territoiré. (Nature, Lond., July 7.) 

In La Revue Scientifique (XLIX, 797) M. Lacassagne, director of the 
faculty of medicine in Lyon, publishes a questionnaire on physiological 
psychology. The object is to stimulate statistical researches on the 
relations between the sensorial apparatus, the quality of memory, and 
the mode of functioning of the centers of language and of ideation. 
Mm. H. Beaunis and A. Binet follow up this subject in the succeeding 
volume (L, 340-343) with a questionnaire addressed to painters, sculp- 
tors, and designers relative to a visual memory of color and form, the 
chief points of the inquiry being the distinctness of visual recollec- 
tions, the qualities of visual memory, distinction between form memory 
and color memory, fidelity of this characteristic, the role of visual mem- 
ory in the art of design, peculiarities. Dr. Riccardi’s ‘Anthropologia e 
Pedagogia is a study in the science of education founded on a basis of 
experimental psychology and anthropology. He has collected during 
the last seven or eight years, with the help of teachers, some hundred 
thousand observations on two thousand children of Modena and Bologna, 
and in this first part of the work he presents the data concerning this 
psychological and sociological condition. He divides the pupils into 
good, middling, and bad, and investigates the characters of these 
classes with reference to family life, number in a family, healthiness of 
the family stock, social position, etc., in each case first taking the sexes 
together and then considering boys and girls separately. Italian child- 
ren, to a large extent, live under bad conditions and are decidedly 
below the anthropometric standards of other nations. There is a 
marked contrast between the children of the poor and of the well-to- 
do classes, to the advantage of the latter. [Rev. in J. Anthrop. Inst., 
XXII, 281.] 

The second International Congress of Experimental Psychology con- 
vened in London on Tuesday, August 2. 

The third Congress of Criminal Anthropology was held in Brussels 
from the 20th of August to the 3d of September. 

A laboratory was established in the University of Toronto. 

Prof. Angell occupied the chair of psychology at the Stanford Uni- 
versity. 

Dr. Edward Pace, a pupil of Wundt, organized a laboratory in the 
Catholic University in Washington. 

Dr. Edmund Delabarre organized the study of experimental psychol- 
ogy in Brown University. 

The following isthe program of the International Congress of Ex- 
perimental Psychology held in London, August 1: 

Introspection and experiment in psychology, Alex. Bain. 
Suggestion and will, M. Baldwin. 
Psychological questioning, Prof. Beaunis. 


Hypnotic suggestion and education, Prof, Bernheim. 
Psychology of insects, M. Binet. 
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Appreciation of time by somnambulists, M. Delboeuf. 

Laura Bridgman, Dr. Donaldson. 

Psycho-therapeutics, Dr. Van Eeden. 

Theory of color perception, Prof. Ebbinghaus. 

Muscular sense of the blind, Dr. Goldscheider. 

Psychology of the skin, Stanley Hall. . 

The visual center in the cortex of the calcarine tissue, Prof. Hensclen. 

Inhibition of presentations, Prof. Heymans. 

The degree of localization of movements and correlative sensations, Prof. 
Horsley. ts 

Loss of volitional power, Prof. Janet. 

A law of perception, Prof. Lange. 

The female poisoner of Aiir Fezza, Prof. Lugeois. 

Relation of respiration to attention, Prof. Lehmann. 

Direct and associative factors in judgments of esthetic proportion, Dr. L. 
Witmer. = 

Sensibility of women, normal, insane, criminal, Prof. Lombroso. 

Parallel law of Fechner, Dr. Mendelssohn. 

Limits of animal intelligence, Prof. L. Morgan. 

Experimental investigation of memory, G. E. Miitter. 

Psychophysical basis of the feelings, Prof. Miinsterberg. 

Experimental induction of hallucination, F. W. H. Myers. 

Characteristics and conditions of the simplest forms of belief, W. R. 
Newbold. ; 

The origin of numbers, Prof. Preyer. 

General ideas, Prof. Ribot. 

The future of psychology, Prof. Ricket. 

Anatomical and physiological relation of the frontal lobes, Prof. Schiifer. 

~ Experiments in thought transference, Mrs. Sidgwick. 

Binocular after-images, E. B. Titchener. 

Relation of reaction time to the breadth of perception, Dr, Tschisch. 

Physiological basis of rythmic speech, Dr. Verriest. 

Functional attributes of the cerebral cortex, Dr. Walle 

(Nature, London, July 14, August 11. 


The following subjects are treated in the American Journal of Psy- 
chology: 


“Knee jerk (The) in sleep in a case of dementia, Noyes. 
Memory in school children, growth of, Bolton. 

Zoélineis figures and other related illusions, Jastrow (studies). 
Involuntary movements, Jastrow (studies). 

Smell, absence of the sense of, Jastrow (studies). 
Classification time, Jastrow (studies). 

Finding time, Jastrow (studies). 

Anthropometric and psychologic tests on students, Jastrow (studies). 
Natural realism, psychological foundation of, Fraser. 
Nervous system, psychological literature, Donaldson. 
Association, Cattell 

Reaction, Cattell. 

Hypnotism and suggestion, Jastrow. 

Suggestion, hypnotism and —, Jastrow. 

Sight, psychological literature, Sanford, Scripture. 
Physiological psychology, Sanford, 

Laura Bridgman, Donaldson. 

Visual area of the cortex in man, Donaldson. 
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Voluntary movements, rapidity of, Dresslar. 
Attention, phenomena of, Angell. 

Contrast, effects of, Kirschmann. 

Musical expressiveness, Gilman. 

Regular variations, pitch, intensity, etc., Scripture. 
Unconscious suggestion, Forel, 

Disturbance of attention, Swift. 
Pseudo-chromesthesia, Kohn. 

Psychiatry, Noyes. 

Taste and smell, Bailey. 

Touch, pain, internal sensation, Bailey. 
Linguistic psychology, Chamberlain. 
Voluntary motor ability, Bryan. 

Training of animals, Rossignol. 

Judgment of angles, lines, ete., Jastrow. 
Unconscious cerebration, Child. 

Action and volition, Baldwin. 


Ill. ETHNOLOGY. 


Prof. Alexander Macalister, in his vice-presidential address before 
Section H of the British Association, regrets that there is not in our 
literature a more definite nomenclature for the divisions of mankind, 
and that such words as race, people, nationality, tribe, type, stock, and 
family are often used indiscriminately as though they were synonyms. 
There are several collateral series of facts, the terminologies of which 
should be discriminated: (1) Ethnic conditions whereby individuals of 
mankind are grouped into categories of different comprehension, as 
clans or families, as tribes or groups of allied clans, and as nations, the 
inhabitants of restricted areas under one political organization—Eth- 
nology. (2) Individuals regarded as descendants of a limited num- 
ber of original parents, each person having his place on the genea- 
logical tree of humanity. As the successive branches were subjected 
to diverse environments, they have differentiated in characteristics. 
To each of these subdivisions is applied the name of Race. [Haeckel 
terms this study anthropogony.] (3) The third category is that of lan- 
guage, sometimes conterminous, but it is as absurd to speak of an Aryan 
skull as of a brachycephalic language.—Nature, London, 1892, August 
18, p. 379. 

The British Association appointed a committee to organize an eth- 
nographical survey of the United Kingdom. The committee, in pur- 
suance of the object for which they had been delegated by the Society 
of Antiquaries of London, the Folk-lore Society and the Anthropolog- 
ical Institute, and appointed by the British Association, propose to 
record for certain typical villages and the neighboring districts, (1) 
Physical types of the inhabitants; (2) current traditions and beliefs; 
(3) peculiarities of dialect; (4) monuments and other remains of an- 
cient culture; (5) historical evidence as to continuity of race. 

Dr. Georg Geoland has published through Justus Perthes; Gotha, 


. 
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an Atlas der Volkerkunde. There are in it fifteen folio maps, to wit: 
I, Distribution of skin and hair; 11. Density of population; 111. Distri- 
bution of religions; 1y. Distribution of diseases; v. Clothing, food, 
dwelling, and occupation; v1. Locations of peoples in 1500 and 1880; vi. 
Europe in 1880; vint. Asia in 1880; 1x. Southeast Asia; x. Oceanica; 
x1. Africa; x11. Aboriginal America; x1, America in 1880; xrvy. Lin- 
guistic map; Xv. Europe about 100-150 after Christ. The charts are 
preceded by descriptive text and an alphabetic catalogue of all tribes 
mentioned, with reference to the latitude and longitude of their habitat. 

The origin of the Manchu race, to which the reigning dynasty in 

s 2, ca} f=) WE if 
China belongs (see Nature, London, 1892, xLv, 523, quoting from North 
China Herald, Shanghai), is thus set forth: 

The Tungus tribes, to which the Manchu belong, are scattered abowt in Siberia 
and Manchuria in rather small communities. They appear in history in the Chow 
dynasty. The Mongols as a race are probably an offshoot from Tungus stock. The 
consanguinity that exists between Manchu and Mongol is greater than that which is 
found to prevail between Mongol and Turk, and therefore it may be concluded that 
the Tungus, either in Siberia or in Manchuria or on the Amur, threw off a branch 
which became Mongol. Genghis Khan and his tribe started on their conquest of the 
Asiatic continent from the neighborhood of the gold mines in Nuchinsk, and the 
Mongols are not fishermen by preference nor hunters of the sable, martin, and beaver. 
They are rather keepers of sheep and riders of horses and camels. They might 
easily develop their language in the vicinity of the Altai mountains and the Baikal. 

As to the Manchus, they have forgotten their early occupation since coming to 
China, and they attend now only to the duties of the public service or to military 
training. The language like the Mongol is rich with the spoils of antiquity. All the 
various forms of culture, whether belonging to Shamanism, Confucianism, or Buddhism, 
with which they have become successively familiar, have contributed a share. To 
these must be added the vocabulary of the huntsman, the fisherman, and the shep- 
herd, and all the terms necessary to feudalrelationship as well as those of the trades 
and occupations of the old civilization. 


3 

Ethnology of Mahgreb.—Dr. Brinton proposed to adopt the Arab 
name, Mahgreb, for that portion of Africa west of the Nile Valley and 
north of the southern boundary of the Sahara. From time immemorial 
it has been the home of the Berber, or Hamitic, or Protosemitie peoples. 
(For the prehistory of this region consult A. Chatelin, in Revue Scien- 
tific, April 9, 1892.) Paleolithic man is said to have been here, suc- 
ceeded by neolithic communities and megalithic structures, erected 
by ancestors of the Berbers. The same Berber stock has possessed 
Mahgreb from the very earliest times to the present day. 

Celts—An. instructive discussion on the origin and migration of the 
Celts was begun by Dr. Brinton in Science (March 11) and continued 
through subsequent numbers. ‘This discussion is not only valuable for 
what the authors of the notes say, but for the excellent works quoted. 

Prof. Sergi published in the Bolletino della R. Accademia Medica di 
Roma, Ann, XV, fase. 1, a paper on the varieties of mankind in 
Melanesia, which is reprinted in Archiv fiir Anthropologie, XX1, 339- 
384, The essay is remarkable, among other excellences, for the ex- 
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tensive list of connotive terms for measurements of the head. 
of these words are old but quite a number are new: 


Index of length.—Dolichocephal, mesocephal, brachycephal, hyper-dolichocephal, 
hyper-brachycephal. 

Index of height.—Hypsicephal, orthocephal, chamecephal. 

The face.—Leptoprosop, mesoprosop, chameprosop. 

The nose.—Leptorrhine, mesorrhin, platyrrhine. 

The eye cavity.—Hypsiconch, mesoconch, chameconch. 

Cranial capacity.—Microcephal, elattocephal, oligocephal, metriocephal, megalo- 
cephal. 

The jaws.—Prognathic, orthognathic, mesognathic. For alveolar prognathism, 
prophatnic; for the upper face, chamezlognathic; for zygomatic width, euryzygic. 

The shape of the skull.—Steno-cephalic, eu-cephalic, stenoteric, lopho-cephalic, 
spheno-cephalic, tetragonic, poikilo-cephalic, chomato-cephalic, pro-ophryo-cephalic, 
rhomboido-cephalic, ovoid, ellipsoid (dolicho-oyoid, brachy-ellipsoid, etc.) 

The forehead.—Brachymetopic, brachyclitometopic, leiometopic, hypsistenome- 
topic, eurymetopic, stenometopic, eurycletometopic, clitoplatymetopic, clitobrachy- 
stenometopic, eumetopic. 

Parietal bones.—Eurybregmatic, euryhomalobregmatic, hypsistegobregmatic, eury- 
oncobregmatic, oxyoncobregmatic. 

Occipital bone.—Opisthocranion, cremnopisthocranial. 


In the text the Greek roots are given and the etymologies worked 
out. 


IV. GLOSSOLOGY. 


The Seventh Annual Report of the Bureau of Ethnology to.the Smith- 

sonian Institution by J. W. Powell, director, bears the imprint of 1891, 
but was really made public in 1892. This is in one sense a jubilee 
volume, the crowning glory of American linguistics, commenced sys- 
tematically by Gallatin and ended by Powell. 
- The names of American Indian tribes have been in very great con- 
fusion, each tribe having many names. This confusion, as for example 
with the Mohawks, arose by having the spelling in three languages, by 
having their own real name confounded with terms of reproach gathered 
from neighboring tribes, by imperfect and contlicting systems of translit- 
eration. But in combining the North American tribes into one system 
rules were necessary, therefore Maj. Powell laid down the following: 

I. The law of priority relating to the nomenclature of the systematic philology ot 


the North American tribes shall not extend to authors whose works are of date 
anterior to the year 1836. 

If. The name originally given by the founder of a linguistic group to designate it 
as a family or stock of lamguages shall be permanently retained to the exclusion of 
all others. 

II. No family name shall be recognized if composed of more than one word. 

IV. A family name once established shall not be canceled in any subsequent divi- 
sion of the group, but shall be retained, in a restricted.sense, for one of its constituent 
portions. 

VY. Family names shall be distinguished as such by the terminations “an” and 
“an.” 

\ I. No name shall be accepted for a linguistic family unless used to designate a 
tribe or group of tribes as a linguistic stock. 
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VII. No family name shall be accepted unless there is given the habitat of tribe 
or tribes to which it is applied. 

VIII. The original orthography ofa name shall be rigidly preserved except as 
provided for in Rule 111, and unless a typographical error is evident. 

As fixed in Powell’s last revision the families stand thus: Algon- 
quian (Eastern North America); Athapascan (Northwest North Amer- 
ica); Attacapan (Louisiana); Beothukan (Nova Scotia); Caddoan (Three 
groups, northern, Arikara, middle, Pawnee; southern, Caddo); Chi- 
mukuan (Puget Sound); Chimarikan (Trinity River, California); Chim- 
mesyan (British Columbia); Chinookan (Columbia River); Chitimachan 
(Louisiana); Chumashan (Sauta Barbara, Cal.); Coahuiltecan (Texas) ; 
Copehan (northern California); Costafioan (Golden Gate to Monterey, 
Cal.); Eskimauan (Arctic coast); Esselenian (Monterey Bay, California) ; 
Jroquoian (Great Lakes); Kaloopaian (Washington State); Karankawan 
(Texas); Keresan (New Mexico); Kiowan (upper Arkansas); Kitunahan 
(Columbia River); Koluschan (southeast Alaska); Kulanapan (Mendo- 
cino, Cal.); Kusan (Oregon); Lutuamian (Oregon); Mariposan (Califor- 
nia); Moquelumnan (Calaveras County, Cal.); Muskhogean (Southern 
States); Natchesan (Mississippi); Palaihnihan (Pit River, California); 
Piman (Gila River, Arizona); Pujunan (Sacramento River, California); 
Quoratean (Salmon River, California) ; Salinan (Monterey County, Cal.); 
Salishan (Washington and British Columbia); Sastean (Northern Cali- 
fornia); Shahaptian (Fraser River); Shoshonean (Interior Basin) ; Siouan 
(Missouri River); Skittagctan (Queen Charlotte Islands); Takilman 
(Rogue River); Tanoan (Rio Grande River); Timuquanan (Florida); 
Tonikan (Red River, Arkansas); Tonkawan (Texas); Uchean (Georgia); 
Waiilatpuan (Wallawalla River); Wakashan (Vancouver Island); 
Washoan (Carson Valley, California); Weitspekan (Klamath River); 
Wishoskan (Eel River, Oregon); Yakonan (Umpqua River, California) ; 
Yanan ,Pitt River, California); Yukian (Round Valley, California); 
Yuman (@olorado River, California); Zunian (New Mexico). 

Finns.—Dr. Theodor Koppen (Archiv f. Anthrop., xx) defends 
the unity of the Finnie and the Aryan linguistic stock, alleging the an- 
cestral home to have been on the middle Volga. “The separation into 
eastern and western branches took place on the river Don, at which 
time also arose the Aryan and the Ugro-Finnic division. 

The publication of Middendorf’s sixth volume on the Peruvian lan- 
guages completes a most valuable series. The languages considered 
are the Kechua, the Aymara, and the Chimu (Muchik or Yunca), with 
an appendix on the Chibcha. The work was issued by Brockhaus, 
Leipzig. (Brinton, Science, XX, 6.) 

In Philadelphia has been established the de Laincel fund for the 
study of the graphic system of the ancient Mayas, by collecting vocab- 
ularies of the language and its dialects and photographs of the ruins 
and inseriptions and manuscripts. Dr. H. T, Cresson has chargeof the 
explorations, 

_—H, Mis, 114-——31 
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A remarkable contribution to the natural history of zsthetics, which 
the author of this summary has elsewhere called zsthetology, is the 
address of William H. Holmes, as vice-president, before Section H of 
the American Association. The science of the beautiful was exam- 
ined in order to study the phenomena of the beautiful as the botanist 
studies the real flowers of the field. 

“The science of the beautiful must deal with actual phenomena; 
with facts as hard, with principles as fixed, and laws as inflexible, as 
do the sciences of biology and physics.” 

The author takes up the subject from the phenomenal side and 
ignores the purely metaphysical element altogether, which is alleged 
to have woven about it a dense and very subtle web of transcendental 
fancy! 

The author’s appreciation of the amount of time and energy given 
to this field of human activity is charming. ‘We totally fail to real- 
ize how much time and thought are given to esthetic considerations, 
and what a large place they really fill in the thoughts and activities of 
the world. This would come home to us if by some sudden change in 
the constitution of things all that is esthetic should be rudely torn 
from us and banished from the world. - - - To make this clear, 
let us suppose that some dire disease should destroy our perception of 
the beautiful, a world of useless things would encumber our existence. 
The fine arts would fall into disuse. Painting, sculpture, architecture, 
poetry, music, romance, the drama, and landscape gardening would dis- 
appear utterly. No picture would grace the wallof gallery or dwelling. 
Temples and halls would be without statuary and books without illustra- 
tions. Architecture would degenerate into the merest house building, 
without projections, moldings, carving, painting, frescoes, hangings, 
or carpeting. Churches would be but the plainest barns without arch- 
ways or columns, or steeples, or towers, or stained glass; the organ and 
the choir and the singing of hymns as though they had never been. 
All artists, sculptors, architects, poets, authors, composers, and drama- 
tists, and all the multitude that depend upon them, decorators, engrav- 
ers, carvers, musicians, actors, book-makers, manufacturers of all that 
pertains to the polite arts, and all merhants who deal in esthetic things 
would turn to other callings. The ships and railways that transport the 
products of esthetic industry, silks and rugs, and laces, and orna- 
mental goods, and furniture, and tiles, and paints, and dyes, and porce: 
lains, and brasses, would cease to plow the sea and girdle theland. The 
range of human livelihood would be reduced to a dangerous degree, 
andexistence—a burden without art, would be overwhelmed with poverty 
and distress. Now, there was a time when this picture was a true 
one, and men had no great results in esthetic art toshow. From then 
to our day, Mr, Holmes declares to be a question of evolution. 


‘ 
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By passing up through the scale of culture stages from savagery to 
enlightenment, we see that each succeeding period has a larger share 
of art and a correspondingly larger share of the wsthetic, each stage 
being prophetic of the succeeding stage. The last stage, that upon 
which the nations of the world ave now entering—the enlightened— 
is also necessarily prophetic of a still more advanced stage; and by 
adding to the number of cesthetic groups those yet to be conceived 
and prolonging the expanding lines of each group indefinitely, we are 
led to comprehend the true relations of the present to the marvellous 
future, and to form some notion of the magnificent sum total of the 
esthetic that future generations will be privileged to enjoy. 


VI. ARCH HZ OLOGY. = 


In the Proceedings of the Royal Geographical Society (Lond., 1892, 
XIV, 273-309) and in other journals will be found an account of the 
marvellous ruins of Mashona-land, in the water-shed of South Africa, 
between 18° and 20° south, by Theodore Bent, the explorer. There 
are many ruins on the Limpopo and elsewhere in this area, but the 
author confines himself to those on the Great Zimbabwe, situated 20° 
16’ South, and 31° 10’ Kast. They cover a vast area and consist of a 
large circular building with a network of smaller buildings extending 
in the valley below, and a labyrinthine fortress on the hill, about 400 
feet above, naturally protected by huge granite bowlders, and by a 
precipice running round a considerable portion of it. The lower build- 
ing is constructed of small blocks of granite broken with the hammer 
into uniform size and laid up without mortar. The encircling wall is 
30 feet high in parts and 16 to 17 feet thick. There is a long narrow 
passage between walls conducting to what Mr. Bent calls “the sacred 
inclosure” in which are standing two towers, one of them 32 feet high, 
a wonderful structure of perfect symmetry, and with courses of un- 
varying regularity. 

The principal part of Mr. Bent’s work and his most interesting dis- 
coveries took place on the hill fortress, the labyrinthine nature of which 
is explained in the plans. The approach is protected at every turn 
with traverses and ambuscades, and then commences at the bottom of 
the precipice a flight of steps leading up. In fact, the redundancy of 
fortification all over this mountain, the useless repetition of walls over 
a precipice itself inaccessible, the care with which every hole in the 
bowlders through which an arrow could pass is closed, prove that the 
occupants were in constant dread of attack. Pottery and iron objects 
occurred in abundance, but the most interesting find was connected 
with the manufacture of gold, crucibles, broken quartz, and furnaces. 

These ruins are in no way connected with the African race. They 
formed a garrison for gold workers in antiquity, who came, doubtless 
from the Arabian peninsula, in the pre-Mohammedan period. 

One of the results of the Congress of Archeological Societies, in 
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union with the London Society of Antiquaries, is the issue of an index 
of archeological papers, published in 1891. There is a list of 45 
societies and journals in all, and 33 pages of titles, succeeded by an 
alphabetic list of places, subjects, authors, and societies with their 
publications. The secretary of this congress of societies is W. H. St. 
John Hope, Burleigh House, London. 

M. A. C. Chatelier contributes to La Revue Scientifique (XLIX, 457—- 
461) a résumé of prehistoric studies in North Africa. To the work of 
codification is added a bibliography of 70 titles upon the same subject. 

M. Zabarowski calls attention to the doubtful antiquity of the Can- 
stadt skull. It was discovered in 1700, but, according to Dr. Hervé it 
was really seen first in the vitrine of the museum of Stuttgard a hun- 
dred years after the digging from which it is supposed to have come. 
Dr. Brinton also reverts to the same question in Science. Indeed, the 
year 1892 marks an epoch of decline in the belief that man has had an 
exceedingly high antiquity in Europe or America. The result of such 
questionings will be a review of the grounds of belief, with a strength- 
ening of the foundations of knowledge. 

The article of Louis Theureau, in La Revue Scientifique (L, 364-369) 
on alimentation in India, calls especial attention to the fact that it has 
been from time inmemorial a country whose food was essentially vege- 
tal, ander the influence of an idea on which is founded a philosophic 
and religious system, belief in metempsychosis or migration of the 
soul. About fifty titles bearing on the subject are quoted, adding great 
value to the article. 

An epoch-making investigation for archeolgoists was that of William 
H. Holmes upon ancient quarries in the United States. The result of 
the first investigation into the quarry site on Piney Branch near Wash- 
ington, is givenin the American Anthropologist, (111, 1-26). Dr. Brinton 
calls attention sharply to this work in a short paragraph on ‘quarry 
subjects,’ in Science (November 4, 1892). Since then a controversy, 
characterized by no little acrimony, sprang up between what might be 
termed the old school and the new school on this subject. Two distinet 
questions are involved in the controversy, namely, whether the objects 
are paleolithic implements or the rejected pieces of the aboriginal 
quarryman; and, secondly, whether they are geologically situated to 
denote very great antiquity. 

The trustees of the British Museum printed an album containing 
autotype facsimiles of the Tel-el-Amarna tablets. A review of this work 
will be found in Nature, vol. xlvi, pages 49-52. During the sum- 
mer of 1887 a woman belonging to the household of one of the “an- 
tica” dealers, who live at or near Tel-el-Amarna in Upper Egypt, 
set out to follow her usual avocation of digging in the sand and loose 

earth at the foot of the hills for small antiquities. The exact details of 
her search will never be known, but it is certain that in a small cham- 
ber at no great depth below the surface she found a number of clay 
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tablets, the like of which had never before been dug up in Egypt. 
There were over three hundred of them, of which number the British 
Museum secured 82, the Gizéh Museum 60, the Berlin Museum 160. 
The Tel-el-Amarna tablets are unique as an archeological *‘find,” and 
they are also unique as a means of weaving together the threads of the 
histories of two or three of the greatest nations of antiquity at a erit- 
ical period. They were all written between the years 1500 and 1450 
B.C. Those in the British Museum consist of a series of dispatches 
written from Kings of Babylonia, Alashiyah, Mitana, Phoenicia, Syria, 
and Palestine to Amenophis III, and to his son, AmenophisITV. Many 

of them are also of a personal or private nature. 

Alfred P. Maudslay, who spent seven winters in Central America 
studying and photographing the ancient ruins, announced the forth- 
coming of a work on this subject, the gist of which is given in Nature 
of April 29. A map on page 618 lays down graphically the limits of 
Maya inscriptions. 

The orientation of buildings is considered by Dr. Brinton in Science 
(xx, 6), and the orientation of the sides as in Egypt brought into con- 
trast with that of the corners as in Mesopotamia and Zuni. At Zim- 
babwe a series of ornaments on the walls of the great temple are so 
disposed that one group will receive directly the sun’s rays at his 
rising and another at his setting at the period of the winter solstice, 
when these points in that latitude were respectively 25° south of east 
and west, while a third series of ornaments faced the full midday sun. 

Prof. W. O. Atwater, in the Forum for June, discusses the scientific 
study of food as one of the most important problems in anthropology. 
At present the poorer classes the world over are scantily nourished 
and the majority of mankind live on a low nutritive plane. The com- 
ing man will not buy as expensive foods because some of the least 
expensive are most nutritive and palatable. He will value foods for 
their nutritive qualities. Much less food of the proper quality will be 
required to keep a man in his best estate. There will be a revolution 
in cooking, which is both wasteful and primitive. 

Payne’s History of the New World called America is a philosophical 
treatment of a historical subject. Itis a history of America written 
by a trained anthropologist. In the author’s own words, he has ‘‘under- 
taken the unusual course of explaining the facts under investigation 
by a theory of human advancement not only not generally recognized 
but not hitherto formally enunciated. Some may find it paradoxical, 
to assign to advancement no loftier origin than the organized provision 
of the food supply on an artificial as distinguished from a natural 
basis. The organization of food provision on the artificial basis has 
been combined with that of defense, and communities in which these 
combined organizations have been fully elaborated have extended their 
boundaries at the expense of others whose social arrangements were 
less advanced.” The author sets himself “to restore, if possible, the 
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true features of the advanced communities of the New World, to 
analyse their social structure and economy, to measure by some definite 
standard the degree of progress they had attained, and to trace their 
history, so far as it can be recovered, distinguishing what can fairly 
be accepted as fact, from what can be shown with reasonable certainty 
to be fabulous.” 


VII. SOCIOLOGY. 


The Quarterly Journal of Economics, published for Harvard Univer- 
sity, in Boston, is valuable to the student not only for the papers and 
original investigations which it reports, but for its bibliography of 
economics. The titles are classified under (1) general works, theory, 
andits history; (2) production, exchange, and transportation; (3) social 
questions, labor, and capital (4) land; (5) population, emigration, and 
colonies; (6) international trade and customs tariffs; (7) finance and 
taxation; (8) banking, currency, credit, and prices; (9) legislation; (10) 
economic history and description; (11) statistics; (12) not classified. 

Native fairs in Alaska were reported to the Numismatic and Anti- 
quarian Society of Philadelphia by Lieut. Gorgas, U.S. Navy. Begin- 
ning at the south a fair is held in June at Port Clarence, just south of 
the narrowest part of the straits. It is numerously attended by 
Chukchis of Siberia, the natives of St. Lawrence Island, south of the 
straits, and by others from Cape Prince of Wales on the American 
mainland. The second fair is held at Hotham inlet, on the north shore 
of Kotzebue Sound. It lasts through July and August, and is attended 
by about 1,500 people, some Siberians, but mostly natives, especially 
from Poit Hope, these being the principal traders of the coast. 

A third fair is at Point Lay, and a fourth at Camden Bay, not far 
from the mouth of Mackenzie River. 

The trading boats make a regular round of these fairs, carrying 
articles in demand from one to another; so that some from the far in- 
terior of Asia will in a few years be transported along the shores of 
the Arctic Sea and southerly indefinitely into the center of the conti- 
nent. (Brinton, Science, X1x., 287.) 

Galton’s work on finger prints is thus briefly reviewed in the Jowr- 
nal of the Anthropological Institute: 

The author considers the subject under the following divisions: (1) Introductory. 
(2) The previous employment of finger prints among various nations, which has 
been almost wholly confined to making daubs, without paying any regard to the 
delicate lineations with which this book alone is concerned. (3) Various methods 
of making good prints from the fingers are described at length, especially those 
used at Mr. Galton’s anthropometric laboratory at South Kensington. (4) The 
character and purpose of the ridges whose lineations appear in the finger print. 
(5) The various patterns formed by the lineations. (6) The question of persistence ; 
whether the patterns are so durable as to afford a sure basis for identification. (7) 
An attempt to appraise the evidential value of finger prints by the law of probabil- 
ity. (8) The frequency with which various kinds of patterns appear on the differ- 
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ent digits of the same person, severally and in connection. (9) Methods of Index- 
ing. (10) Practical results of the inquiry. (11) Heredity. (12) Use in indicating 
race and temperament. (13) The nine fundamentally different patterns are con- 
sidered as different genera or species. 

Gustave le Bon having affirmed that higher races can not impose 
their civilization upon lower races, undertakes, in an address before 
the Congres international, institué par le Gouvernement francais pour 
Yétude des questions coloniales (Rev. Scient., Paris, 1889, aottt 24 and 
1892, Oct. 1) to show that to change the civilization of a people it is 
necessary to change their souls (Ames). Centuries and not conquests 
can accomplish a task like that. The empire of the world has always 
belonged to the convinced, whose great force consists in their slavery 
to an idea, and in their complete incapacity to reflect and to reason. 
Without these, perhaps, no civilization would have been born and 
humanity would not have arisen above barbarism. 

Lombroso and Ferrero discuss, in a work entitled “La Donna delin- 
quente,” the subject of the criminality of women. To their view the 
crimes of men and those of women are two quite different maladies, 
having certain symptoms in common but many more in which they 
differ widely. Women commit fewer crimes than men, all statistics 
are agreed on that. M. Guillat estimates the criminality of men to be 
six times greater than that of women and, according to Quetelet and 
Tarde, the tendency to crime is five or six times more developed in 
men. 

Leaving out of view difference in legislation as to the sexes, M. Proal 
attributes the freedom of women to their greater religious spirit, their 
indoor life, the smaller number of employments which provoke to crime, 
like forgery and defalecation. Women go about less, and drink less, 
than men. 

From the evolutionist’s standpoint, according to Ferrero, the female 
has begn less exposed to the struggle for existence. The sexual strug: 
gle does not exist for her at all and in higher civilization her degenera- 
tion produces crime in men. Ferrero sums up the causes of woman’s 
smaller susceptibility to crime as follows: 

(1) Women are physically weaker and more timid. 

(2) Feebler sexuality, strong maternity and pity. 

(3) The intelligence of woman is less. 

Migrations.—Dr. Sophus Miiller, of Copenhagen, published in Mém, 
Soe. Roy. des Antiq. du Nord a study upon cutting implements in the 
Stone Age, drawing the conclusion that parts of France and the Ibe- 
rian peninsula were inhabited first. The argument is based upon the 
ruder forms of the southern tools.. M. Bertrand’s work “Nos Origi- 
nes,” holds to the opinion, however, that about 1200 B. C. the Liguri- 
ans came southward, finding central France and Spain occupied by 
Iberians who were driven westward by Celts. 

Pre-historic commerce.—In the Verhandlungen der Berliner anthro- 
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pologische Gesellschaft the subject of ancient commerce is discussed 

by G. Schweinfurth and Merensky, the former dealing with the influ- 

ence of western Asia and India upon Egypt, the latter with India as 

affecting even the industries of Central Africa. | 
The archeologists are also able to bring some noteworthy contribu- 

tions to this enquiry. In America certain types of basketry and pot- 

tery are known to have been peculiar to certain linguistic stocks. But 

examples of these are found elsewhere in ever-decreasing numbers as 

they depart from this source. 


VIII. RELIGION AND FOLK-LORE. 


On the 16th of April there was publicly opened in the Museum of 
Archeology of the University of Pennsylvania a loan collection of 
objects used in worship. It was divided into sections, that devoted to 
the religions of Egypt being in charge of Mrs. Cornelius Stevenson, 
that of India was arranged by Suamee Bhaskara Nand Saraswatee; 
that of China by Chinese scholars, and so on, each section being as- 
signed to some one specially fitted to the task.* 

The American Folk-lore Society was organized in December, 1892, 
for the ensuing year, as follows: 

President, Horatio Hale. 

Vice Presidents, Aleée Fortier and D. P. Penhallow. 

Council, Franz Boas, H. Carrington Bolton, D. G. Brinton, A. F. Chamberlain, J. 
Owen Dorsey, Alice C. Fletcher, George Bird Grinnell, Otis T. Mason, Frederick 
W. Putnam. 

Secretaries, W. W. Newell, J. Walter Fewkes. 

Treasurer, John H. Hinton. 

Curator, Stewart Culin. 

The organ of this society is the Journal of American Folk-lore, 
issued quarterly. In addition to the original papers and proceedings 
of the society and its branches contained in this journal, there is a 
résumé of folk-lore throughout the world, and an extended bibli- 
ography, which is especially good in periodical literature. 

The fourth annual meeting of the American Folk-lore Society was 
held at the Thorndike Hotel, Boston, Mass., on December 28, and at 
the Peabody Museum of Americin Ethnology and Archeology, Cam- 
bridge, Mass., on December 29, Prof. Edward S. Morse presiding. The 
following papers were read: 

Two Biloxi tales, J. Owen Dorsey. 

Relation of the tales of Uncle Remus to the animal stories of other countries; 
Adolph Gerber. 

Survival of fire sacrifice among the Indians of Maine, Miss A. Lh, Alger. 

Folklore of the Azorian Colonies, H. R. Lang. 

A modern oracle and its prototypes, H. Carrington Bolton. 

Tales of the Abenakis, A. R. Tisdale. 


Chippewa tale of the end of Hiawatha, H. H. Kidder. 
Pawnee mythology, G. B. Grinnell. 


*See printed catalogue, and Science, N. Y., xix., 225, 
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Blackfoot mythology, J. Maclean. 

The Algic Manabozho, J. C. Hamilton. 

Medicine men and certain Indian myths, Henry Mott. 

Doctrine of souls among the Chinook, Dr. Franz Boas. 

Christ in folklore, A. F. Chamberlain. 

Animal and plant weather proverbs, Fanny D. Bergen. 

Customs and traditions of the Ainos of Japan, D. P. Penhallow. 

The permanent results of the Folk-lore Congress held in Eondon in 
1891 are given to the public in a volume of 472 pages, entitled “Papers 
and Transactions.” The material is arranged under the four sections called 
Folk-Tale; Mythology; Custom and Institution; General Theory and 
Classification. The president of the congress, Mr. Andrew Lang, and 
the vice presidents of the sections delivered addresses, and papers of 
great merit were read. The most important discussion was that con- 
cerning the independent origin of folk incidents. Under the title 
“Bibleétheque de Carabas,” David Nutt has issued seven volumes 
which are of especial delight to folk-lorists, to wit: Cupid and 
Psyche, by William Adlington; Euterpe, the Second Book of Herodotus, 
Englished by B. R., 1584; The Fables of Bidpai, or the Morall Philoso- 
phie of Doni, Englished out of Italian by Thomas North, 1570, now 
edited by Joseph Jacobs; The Fables o: Esopas printed by W. Caxton 
in 1484, edited by J. Jacobs; The Avus of Caius Valerius Catullus, 
translated, etc., by Grant Allen; Plutarch’s Romane Questions, trans- 
lated in 1603 by Philemon Holland. 

Plutarch’s Romane Questions, translated in 1603, by Philemon Hol- 
land, M. A., of Trinity College, Cambridge, has again been edited by- 
Mr. Jevons, of the University of Durham, with additional dissertations ; 
on Italian cults, myths, taboos, man-worship, Aryan marriage, Sympa-. 
thetic magic, and the eating of beans. Plutarch’s Romane Questions ; 
is said to be ‘‘the earliest formal treatise on the subject of folk-lore.”’ 
Plutarch was the first ‘‘to make a collection and selection of dates, , 
and to give them a place of their own in literature.” Plutarch’s: 
answers, however, are not in the modern vein, for they are framed em 
the assumption “that the customs that they are intended to expkain: 
were consciously and deliberately instituted by men who possessed at; 
least as much culture and wisdom as Plutarch himselt.” 

The current literature on the scientific study of religions i to be: 
followed up in the Annales du Musée Guimet, and especially in the. 
Revue de I’Histoire des Religions, published on the Guimet foundation 
under the direction of M. Jean de Réville, with the co-operation of’ 
‘Barth, Leclereq, Decharme, Hild, Lafaye, Maspero, Renan, and Tiele., 

The volume of La Revue for the year 1892 contains the following : 
‘original papers: 

Le dieu romain Janus. J.S. Speyer. 

Les hymnes du Rig Véda, sont-ils des prieres. Paul Regnaud. 

Bulletin de la Religion Juive. 


Le dénombrement des sectes mohametanes. I. Goldziher. 
Bulletin archéologique de la Religion Romaine, Aug. Adollent, 
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Contes Boudhiques: 1. La Légende de Cakhupala 2. La Légende de Maddha- 
kundale. Vallée-Poussin et Godefroy de Blonay. 

Esquisse des huit sectes boudhistes de Japon, Gyau-neu (1289 B. C.) trans. Alfred 
Millwud. 

Ernest Renan, Albert Réville. Bulletin archéologique de la Religion Grecque. 
Pierre Paris. 

Garci Ferrans de Terena et le juif Baena. Scenes de la vie religieuse en Espagne 
ala fin du XIV siécle. Lucien Dollfus. 

Fragments (’évangile et d’apocalypses découverts en Egypte. Ad. Lods. 


In each number is a review of books, a chronicle of what is doing 
along the line of the scientific study of religions, abstracts from peri- 
odical articles and from the transactions of learned societies, and a 
classified bibliography. For some reason the date of publication is 
omitted in every case, which detracts much from the value of the book 
lists; but in the abstracts from periodicals an indispensable list of jour- 
nals and their contents will be found. 


BIBLIOGRAPHY OF ANTHROPOLOGY, 1892. 


AssorT, C. C. Paleolithic man in North America. Science, N. Y., xx, 270. 

Recent archxological explorations in the valley of the Delaware. Bost., Ginn, 11+- 
30 pp. Ill. 8vo. [Univ. Pa. Ser. in philol., lit., and archeol., 11, No 1.] 

ABERCROMBY, J. Samoan tales. Folk-Lore, Lond., 111, 158-165. 

ADAMS, OscaR Fay. The presumption of sex. Boston. 

ALEMANNIA, BONN. Vol. xx. [Devoted to Folk-Lore. ] 

ALEXANDER, W.D. Brief history of the Hawaiian people. N.Y., Am. Bk. Co. 341 
pp. 8vo. 

ALLISON, Mrs. 8.8. Account of the Simielkameen Indians of British Columbia. 
J. Antrop. Inst., Lond., xx1, 305-318. 

ALLEN, G. A. Manners and customs of the Mohaves. Wash., 1891 [1892]. Gov’t 
Print. [From Smithson. Rep. 1890.] 2 pp. 8vo. 

ALVIELLA, GOBLET D’. Lectures on the growth of the idea of God as illustrated by 
anthropology and history. N.Y., Scribners. Hibbert Lectures for 1891. 8vo. 

L’influence des astres dans la destinee des morts. Un chapitre Wastrologie 
primitive. Resume. Bull. Soc. wanthrop. de Brux., 1891-2, x, 1892, 171. 

American anthropologist. Organ of the Anthropological Society of Washington. 
Vol. v. Judd & Detweiler. 

American Antiquarian. Bimonthly. Mendon, Ill. Vol. xiv. 

American Antiquarian Society, Proceedings of the. Worcester, Mass. Vol. vim. 

American Institute (The) of Civics. W. E. Sheldon, Boston. Sec. founded 1885. 

American Journal of Archeology. Boston, Ginn & Co. Vol. vim. 

American Journal of Psychology. Worcester, Mass., 1892. Clark Uniy. Vol. v. 

Am. Ur-Quell. Lunden in Holstein. Vol. m1 in Monatschrift fiir Volkkunde. 

Ammon, 0. La selection naturelle chez Yhomme. Anthropologie, Par., 1892, m1, 
720-736. 

ANDERSON, ELIZABETH G, Sex in education. Brit. M. J., Lond., 1, 1048. 

ANDRIESSEN, W. I’, Miinzen und andere Tauschmittel in Africa. Das Ausland, 
Stuttgart, 21-23; 41-46; 65, 5-9. 

Annales de la Société Varchéologie de Bruxelles. Vol. vi. 
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Annual archeological report and Canadian Institute (session 1891), Being an 
appendix to the report of the minister of education. Ontario. Toronto, 1892. 
Warwick. 

L’ Antropologie. Paris. Vol. m1. Monthly. 

APPLEGARTH, ALBERT C. Quakers in Pennsylvania. Johns Hopkins Uniy. Stud. 
in hist. and polit., Balt. 10th ser., vur-tx. 84 pp. 8vo. 

Archeological and ethnological papers of the Peabody Museum, Cambridge, Mass. 

Archiv fiir Anthropologie, Ethnologie und Urgeschichte. Braunschweig, Vieweg. 
Vol. Xx1, Parts 1-111, with Correspondenz blatt. Vol. xxi. 

Archiy fiir Slavische Philologie. Berlin. Vol. xv. 

Archives de l’anthropologie crininelle. Paris, vi. 

Archiyio per |’ antropologia, etnologia e psicologia comparata. Organ of Societa 
italiana di antropologia e la etnologia. Florence, Vol. xxu. 

Archivio per lo studio delle tradizioni popolari. Palermo. Vol. x1. 

ASHMEAD, ALBERTS. On the absence of cow’s wilk from Japan; its bexeficial con- 
sequences. Science, N. Y., xx, 211-212. 

AuBRy, P. Une famille de criminels; note pour servir 4 Vhistoire de ’hérédité. 
Ann. méd.-psych., Par., 7.s., xv, 429-441. 

AUDIBERT, A. De la condition des fous et des prodigues en droit romain. Arch. 
de l’anthrop. crim., Par., vu, 593-608. Das Ausland, Vol. Ly. 

AUSLAND, Das. Vol. Lxv. 

BaBIN, C., and F. Houssay. A travers la Perse méridionale. Le Tour du Monde 
Paris, LXIVv, 65-128. (Illustrations of ancient monuments and rock inscriptions. ) 

BapDEN-POWELL, B. F.S. In savage isles and settled lands: Malasia, Australasia, 
and Polynesia, 1888-1891. Lond., Bentley. 

BADEN-POWELL, B. H. The land systems of British India. Oxford, Clarendon 
Press. 3 vols. XxX-+699; 771; 632 pp. Maps. 3 vois. 8vo. 

BaIiLey, E. H. S. Psychological literature. Taste and smell. Am. J. Psychol., 
Worcester, Vv, 94-99; Space, Time, 99-104; Touch, Pain, Internal Sensation, 104- 
107. 

BaLrourR, HENRY. Stone implements from the Malay peninsula in Pitt Rivers 
Museum. Archeologia Oxoniensis. 

BALDWIN, JAMES Mark. Handbook of Psychology: Feeling and Will. N. Y., Holt. 

Infants’ movements. Science, N. Y., xrx, 15. 

Psychological literature, action and volition. Am..J. Psychol., Worcester, v, 
272. 

BancaLafl, G. Vorgang bei der Hausforschung. Mitth.d.anthrop. Gesellsch. in 
Wien, XXII, 57-67. 

BANDELIER, A.F. An outline of the documentary history of the Zuni tribe. J. 
Am. Ethnol.and Archol., Boston, 111. 

Barber, H.M. The perforated stones of South Africa. J. Anthrop. Inst., Lond., xx, 
302-304. 

BARDELEBEN, K, VON. Ueber 600 neue Fialle von Hyperthelie bei Miinnern. Ver- 
handl. d. anat. Gesellsch., Jena, v1, 199-202. 

BareT, L. Un hivernage dans la Chine du nord (1890-1891); notes de géographie 
et Vethnographie médicales. Arch. de méd. nay., Par., LVIn, 241-342, 

Barrows, S.J. The evolution of the Afric-American. New York, Appleton. 
315-345 pp. (Evolution ser. No. 28.) 

BARTELS. Ein junger Mann mit abnormer Behaarung. Verhandl. d. Berl, Gesellsch. 
f. Anthrop., Berl., 215. 

17jaihrige Zigeunerfrau mit einem grossen Pigmentmal. Verhandl. d. Berl. 

Gesellsch. f. Anthrop., Berl., 215. 

Nordamerikanische Steingeriithe. Verhandl. d. Berl. Gesellsch. f. Anthrop., 


XXIV, 98-104. 
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Bartets. Notiz tiber einen neuen Fall von Schwanzbildung beim Menschen. Ver- 
handl d. Berl. Gesellsch. f. Anthrop., 1891, xx, 725. 

Bassett, FLETCHER §. Sea phantoms. Chicago, Morrill & Co.505 pp. 

Bastian, A. Ideale Welten nach uranographischen Provinzen in Word und Bild- 
Ethnologische Zeit- und Streitfragen nach Gesichtspunkten der Indischen Vol. 
kerkunde. Berlin, Felber. 3 Bande, 22 Tafeln, fol. ; 

Barcueor, Rev. J. The Aino of Japan. N.Y.and Chic., Revell. v1-336 pp. Il. 
12mo. 

Bares, Henry WALTER. The naturalist on the river Amazons. [Ed. by Edward 
Clodd.] N.Y.,D.A.& Co. Map. Ill. 396 pp. 8vo. 

Beaucuamp, W.M. Iroquois notes. J. Am, Folk-Lore, Bost. and N.Y., vy, 223-229. 

The early religion of the Iroquois. Am. Antiquarian; Rhymes on old pow- 
der horns. J. Am. Folk-Lore, Bost., v, 284. 

Beck, W.,u.C. F, Lehmann. Ueber neuerlich aufgefundene Keilinschriften in rus- 
sisch und tiirkisch Armenien. Ztschr. f. Ethnol., Berl., xxiv, 122-152. 

BENEDIKT, M., et H. BENEDIKT. Etude anthropologique des cerveaux et des cranes 
de la collection Hoffman. Arch.deVanthrop. crim., Par., VIL, 237-263, 1 pl.; also 
Mitth. d. anthrop. Gesellsch. in Wien, xx1I, 101-105. __ 

Les suggestions criminelles et la responsabilité pénale. Arch. de ’anthrop. 
crim., Par., Vi, 555-557. 

Bent, J. THEODORE. The ruins of Mashonaland. Proc. Roy. Geog. Soc. Lond., 
XIV, 2738-298. Ill.; J. Anthrop. Inst., xx11. 124-136. 

The ruined cities of Mashonaland, etc.; with a chapter on the orientation and 
mensuration of the temples, by R.M.W.Swan. N. Y., Longmans & Co. I11.; pl. 
Maps. 8vo. 

Brrarp, A. Les hommes et les théories de Vanarchie. Arch. de ’anthrop. crim., 
Par., 11, 609-636. 

BERGEN, F. D. Popular American plant names. J. Am. Folk-Lore, Bost. and N.Y., 
v, 89-106. 

Some bits of plant-lore. J. Am. Folk-Lore, Bost. and N. Y., v, 19-22. 

BERGNER, RUDOLPH. Zur Topographie und Ethnologie Siebenbiirgens. Das Aus- 
land. 3825-328; 340-344; 358-863. “(The peoples of Transylvania. ) 

BERNIER, FRANCOIS. Travels in the Mogul Empire, A. D. 1656-1668. Westminster, 
1891. Constable & Co. 11,500 pp.; maps and ill. Revised and improved, 
BERTILLION, A. Tableau des nuances de Viris humain. Bull. Soe. d’anthrop. de. 

Par., 1892, 4. s., 111, 384-387. 

BERTRAND, A. Cours municipal de sociologie. Arch. de ’anthrop. crim., Par., vi 
656-678. 

Berrany, G. T. Mohammedanism and other religions of Mediterranean countries, 
etc. N. Y., Ward & Co. v-322 pp. [The World’s Religions.] 12mo. 

BIELENSTEIN, A. Die Grenzen des lettischen Volksstammes und der lettischen 
Sprache in der Gegenwart und im 13. Jahrhundert. St. Petersb., 1892, xvz, 
548 pp.; Atlas. 

Bijdragen tot de Taal-, Land en Volkenkunde van Nederlandsch-Indié. By the 
Koninglijk Instituut vor de, ete. Haag. Vol. vit in current year. 

BILFINGER, Gustav. Die Mittelalterlichen Héren und die Modernen Stunden. 
Stuttgart. 279 pp. 

Binet, Atrrep. Les altérations de la personalité. Bib. scient. internat., Paris, 
Germer-Balliere & Co. [Rev. in Nature, July 7. ] 

BINGER, Capitaine. Du Niger au Golfe de Guinée, ete. Paris, Hachette. 2 vols. 
513 and 416 pp., ill. and maps. 8vo. 

Bishop, Mrs. IsABELLA Birp. Journeys in Persia and Kurdistan, ete. N. Y., Put- 
nam. 2y,. Ill. 8vo. 

Brack, J. Witt1aM, Maryland’s attitude in the struggle for Canada, Johns H. 
Univ. Stud. inhist. and polit. se., 10th ser., vir, 73 pp. 8vo, 
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Boas, Franz. The Chinook jargon. Science, N.Y. Mar. 4, p. 129. 

Anthropologie in Amerika. Correspondenzbl., Xx, 114-116. 

The growth of children. Science, N. Y., xrx, 256, 281. 

Boletin de la Sociedad de geografia y estadistica de la reptiblica Mexicano. Vol. 2. 

Bolletino di paleontologia italiana, vir. ; 

Bots-REYMonNp, E.pu. On the relation of natural science to art; an address before 
the Roy. Acad. Sc., Berlin. Nature, Dec. 31, 1891, and Jan. 7, 1892. 

Boiron, T. L. The growth of memory in school children. Am. J. Psychol., Wor- 
cester, 1891-2. 1v, 362-380; 3 charts. 

BONVALOT, GABRIEL. De Paris au Tonkin & travers le Tibet inconnu. Paris, 
Hachette. 510 pp.; maps; ill’s. 

Borpier, A. Lemilieu social. Rey. mens. de Ecole Vanthrop., Paris, 1892, 11, 1-11. 

Le sifilet chez les peuples primitifs. Bull. Soc. @anthrop. de Par., 1892, 4. 
8., 111, 15-24. (Discussion) 28. 

Bouts, M. Notes sur le remplissage des cavernes. Anthropologie, Par. 1892, 11, 
19-36; separate 1-18 pp. 

Une excursion dans le quaternaire du nord de la France. Anthropologie, 
Par., 111, 426-434. 

Brazier. La lutte pour la vie suivant les doctrines transformistes. Science biol. 
XIx¢ siecle, Par., 1893, 264, 337, 464. 

BrETON, RayMOND. Dictionnaire Caraibe-Fran¢ais. (Tuxerre, 1665.) J acsimile. 
Leipzig, Teubner. 480 pp.; plates. 4to. 

BREWSTER, C. E. The symmetrical development of our young women. Pop. Sc. 
Month., N. Y., 1892-93, xx11, 217, 226. 

BRINTON, DANIEL G. The Chinantec language of Mexico and on the Mazatie lan- 
guage of Mexico, etc. Proc. Am. Phil. Soc., Phila., vol. xxx, 22-40. 

European origin of the white race. Science, N. Y., x1x, 360. 

Further notes on the Betoya dialects. Proc. Am. Phil. Soe., xxx, 271-278. 

Further notes on the Fuegian languages. Proc, Am. Philos. Soc. Phila., xxx. 

The nomenclature and teaching of anthropology (with discussion by J. W. 

Powell). Am. Anthrop., Wash., v, 263-271. 

Proposed classification and international nomenclature of the anthropologic 

sciences. Proc. A. A. A. 8., Salem, vol. X11, 257-258. 

The question of the Basques. Science, N. Y., xx, 60. 

Reminiscences of Pennsylvania folk-lore. J. Am. Folk-Lore, Bost. and N. Y., 

v, 177-185. 

Stnu@ies in South American native languages; from MSS, and rare printed 

sources. Phila., MacCalla. 67+20 pp. 8vo. (Proc. Am. Phil. Soc., xxx.) 

The tribute roll of Montezuma. Trans. Am. Phil. Soc., xvi1, 53-61. 

The written languages of the ancient Mexicans. Proc. Am. Philos. Soc., xxx. 

Brown, Mrs. W. WaLLace. Chief-making among the Passamaquoddy Indians. J. 
Am. Folk-Lore, Bost. and N. Y., v, 57-59. 

Brown, Sir J. C. Sex in education. Tr. M. Soc. Lond., 1891~92, xv. 405-436; Lan- 
cet, Lond., 1, 1011-1018; Brit. M. J., Lond., 1, 1046-1048. 

Browne (C.R.) Some new and anthropometrical instruments. Proc. Roy, Irish 
Acad., Dubl., 1891-2, 3.s., 11, 397-399. 

BROWNING, Oscar, The evolution of the family. Trans. Roy. Hist. Soc., Lond., 
Longmans & Co., n. 8., VI, 87-107. 

Brown-Séquarv. Hérédité Vune affection due 4 une cause accidentelle. Arch. 
de physiol. norm. et path., Par., 5. s., IV, 686-688. 

Brunton (T.L.) The correlation of structure, action, and thonght. Lancet, Lond., 
1893, 1, 3-9, 1 pl. Also Pop. Sci. Month., N. Y., 1892-3, xiir, 749-764. 

Bryan, WM. L. On the development of voluntary motor ability, Am. J. Psychol., 
Worcester, v, 125-204. Bibliography and plates. 


\ 


494 PROGRESS OF ANTHROPOLOGY IN 1892. 


Bryce, J. The migrations of the races of men considered historically. Scot. Geog. 
Mag., vu, 401-421. 

Bulletin archéologique du comité des travaux historiques et scientifiques. Paris, 
Ministére de l’instruction publique et des beaux-arts. 

Bulletin de Folk-lore. Liége. Premier semestre. 

Bulletin of the American Geographical Society, New York. Quarterly. Vol. I-xx1; 
to 1891. 

Bulletin do la Société d’anthropologie de Lyon. 

Bulletin historique et philologique du comité des travaux historiques et scienti- 
fiques. Paris, Ministére de l’instruction publique et des beaux-arts. 

Bulletin de la Société impériale des naturalistes de Moscou. 

Burnett, 8. M. The modern apothesis of nature. Am. Anthrop., Wash., Vv, 
247-262. 

Buscuan, GeorG. Die tertiiiren Primaten und der fossile Mensch Stidamerikas. 
Das Ausland, Stuttgart, 1892, Lxv, 698-700. 

Review of French anthropological literature. Archiv f. Anthrop., Braunsch., 
Xx, 471-502. 

CAINE, Haut. The little Manx nation. N. Y.; Lovell. i, 159 pp. 12mo 

Calabria (Monteleone) (La). Vol. v. [Devoted to Folk-Lore. ] 

CaLpERWOOD, H. Therelation of mind and brain. Lond., Macmillan, XxX11-+-552 pp. 

CAMPBELL, Cu. W. A journey through North Korea, ete. Proc. Roy. Geog. Soc., 
Lond., 141-160. 

CAMPBELL, J. Siberian inscriptions. Tr. Canad. Inst., Toronto, 11, 261-283. 

Capus, GUILLAUME. A travers le royaume de Tamerlan (Asie centrale). Paris, 
Hennuyer. Xvi-+434 pp.; maps, ills. 8vo. 

CaRliER, G. Des rapports de la taille avec le bien-étre; étude faite dans larron- 
dissement @’Evreux. Ann. d’hyg., Par., 3. s., XXVII, 294-344. 

CarRARA, M. Di alcune anomalie scheletriche nei criminali. Gior. d. r. Accad. di 
med. di Torino, 3.8., XL, 549-563. 

CarTAILHAc, I. L’Age de la pierre en Afrique. L’Anthropologie, Par., 111, 405-425. 

Monaments primitifs des iles Baleares. Toulouse. X1+80 pp.; plates. 4dto. 

Carrey, J. McK. Psychological literature. Association, reaction, Am. J. Psy- 
chol., Worcester, 1v, 460-470. ' 

Cesky Lid. (The Tzech people.) Devoted to the study of the Tzech people in 
Bohemia. Prague, Simacek. 

Cryp, A. J. Astronomie and Zeitrechnung der Perser. Das Ausland, Stuttgart, 
1892, Lxv, 534-538. 

CHAMBERLAIN, A. F. Some points in linguistic psychology. Am. J. Psychol., 
v, 116-119. [Experiments in onomatopeia]. 

The language of the Missisagas of Skugog. Phila, Trans. Am. Phil. Soe., x, 

84 pp. 

A Mississaga legend of Nan niboju. J. Am. Folk-Lore, Bost. and N. Y., 1892, 
y. 291. 

CuHANTRE, Mme. B. A travers l’Arménie Russe, Tour du Monde, Paris, 1891, LX, 
369-416; LXxIl, 225-288; 1892, Lx1rt, 177, and Lxiv, 161-192. 

CHAPIN, FREDERICK H. The land of the Cliff Dwellers. Boston, W. B. Clarke & 
Co. 188 pp., maps and pls. 12mo. 

CuHaAPin, H. D. The survival of the unfit. Pop. Sc. Month., N. Y., xx1, 182-187. 

CHARRIN et GLEY. De Vhérédité. Compt. rend. Soe. de biol., Par., 9. s., Iv, 818. 

CHAUVIN (Jeanne). Etude historique sur les professions accessibles aux femmes, 
etc. Paris, 1892, Giard et Briere, 296 p. 8vo. 

CHILD, CHARLES M. Statistics of unconscious cerebration. Am. J. Psychol., Wor- 
cester, V, 249-259. 

CuoLteT, Compte Dr. Arménie, Kurdistan et Mésopotamie. Paris, Plon & Co. 
394 pp. 8vo. Maps and ill, 
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Curisty, MILLER. Why are the prairies treeless? Proc. Roy. Geog. Soc., Lond., 
XIv, 78-99. [Examines the theory of forest fires. ] 

Church Missionary Society. Proc. of the Ch. Mission. Soc. for Africa and the East, 
93d year, 1891~92.  Lond., LXx1x-+-258 pp. 

CLEVENGER, 8. V. Brain and skull co-relations. Science, N. Vex, 280! 

CoLENSO, HarieTrr E., and A. WERNER. White and black in Natal. Contemp. 
Rey., Lond. (N. Y.), uxt, 205-213. 

CoLenso, W. Reminiscences of the Maoris. Tr. N, Zealand Inst., xxiv. [ Rev. 
in Nature. | 

Collection of the State Historical Society of Wisconsin. Edited and annotated by 
Reuben Gold Thwaites. Madison, Wis., vol. x1, 498 pp. 8vo. [Bib. list of 
pub’s 1850-92, pp. IX-xv.] 

Co11ieNon, R. Considérations générales sur l’association respective des carac- 
teres anthrovologiques. Anthropologie, Par., 11, 43-54. 

—— Les races tunisiennes, Sciences béol. 4 la fin du xrx® siécle, Par., 1893, 128-139. 

Projet d@entente internationale pour arréter un conseil de révision. Paris. 

CoLiinEAu. Le sourd-muet (état mental), Arch. de Vanthrop. crim., Par., vu, 
1-17. 

Congres international des Orientalistes. Lisbon, Sept. 23 to Oct. 1, 10th session. 

Conway, W. M. The dawn of art in the ancient world. Lond. 

Cook, JAMES. The voyages of discovery of Capt. James Cook, etc. N. Y., Ward 
& Co. 2vols. 1176 pp.; maps; ill. 8vo. 

Cosmos. Revista ilustrada de artes y ciencias. Fortnightly, Mexico. Vol. 1. 
Semimonthly ed. by Fernando Ferrari Perez. 

CouDREAU, Henri. Dix ans du Guyane. Bull. Soc. de géog., Paris, x11, 447-480. 

CouTAGNE, H. De Vinfluence des professions sur la criminalité. Arch. de l’an- 
throp. crim., Par., vi, 387-392. 

Covert, RrcHarp. James Gilmour of Mongolia. Lond., Tract Soc., 336 pp. 8vo. 

CRANE, AGNES. Ancient Mexican heraldry. Science, N. Y., xx, 174-176. 

Cresson, HILBORNE T. Report upon pile-structures in Naaman’s Creek, near Clay- 
mont, Del. Cambridge, Peabody Mus. Papers 1, No. 4. 

The antennex and sting of Yikilcab as components in Maya day signs. Sci- 

ence, N. Y., XX, 77-78; also 101. 

The alphabet of Landa. Proc. A. A. A. §., Salem, vol. xL1, 281-283. 

— — The graphic system of the ancient Maya. . Science, N. Y., Xx, 25. 

CrIcHTON-BRoWN, Haroip. Dwarfs and dwarf worship. Nature, Lond., 259-271. 

CristTiani#A. L’ ipertricosi facciale nelle alienate e nelle sane di mente. Arch. 
di psichiat:., etc., Torino, x11, 70-86. 

Currirr, A. F. The functions of the reproductive apparatus in American Indian 
women. Tr. Am. Gynec. Soc., Phila., 1891, xvi, 264-294. 

Curzon, G.N. Persia and the Persian question. Lond. and N. Y., Longmans & 
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THE ADVENT OF MAN IN AMERICA.* 


By ARMAND DE QUATREFAGES. 


One of the chief problems of anthropologists in regard to America 
is that of the origin of its inhabitants. Were the original American 
people related to those of the Old World? Or were they indigenous 
to America and without ethnologic relation to other populations? Both 
these views, as you are aware, have had their partisans. I have al- 
ready made known my opinion upon this subject, which is that America 
was originally peopled by emigrants from the Old World. I propose 
to give a brief résumé of the grounds of this conviction. 

I recall two rules which I have constantly followed in the solution 
of questions sometimes so ardently contested, which are raised in the 
history of Man. The first rule is, to put aside absolutely every con- 
sideration borrowed from dogma or philosophy, and to invoke only 
science, that is, experience and observation. The second rule is, not 
to isolate man from other organized beings, but to recognize that he is 
subject (in all that is not exclusively human) to all the general laws 
which govern equally animals and plants. Hence no doctrine or opin- 
ion is to be regarded as true which, considering man aS an animal, 
makes him an exception among organized beings. 

Let us apply these principles to the question before us, but more 
broadly; for it is but a special case of a still more general problem. 
Man is everywhere now. Did he appear everywhere in the beginning? 
If not absolutely cosmopolitan in its origin, did the liuman race origi- 
nate at an indefinite number of points; or, originating at a single and 
limited spot, has it gradually taken possession of the whole earth by 
migration? At first thought, we might suppose the answer to these 
questions would be different according as we admit the existence of 
one or many human species, but this is an error; for we shall see that 
on this point, at least, the Polygenists may shake hands with the 
Monogenists without being involved in any contradiction with the 
facts. Let us take first the Monogenistic view. 

Physiology, which leads us to recognize the unity of the human 
species, teaches us nothing relative to its geographic origin; it is 
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otherwise with the science that is occupied concerning the distribu- 
tion of animals and plants over the surface of the globe. The 
geography of organized beings has its general laws, which it is neces- 
sary we should know and interrogate if we would solve the problem of 
the peopling of the world. 

The first result of this study is to show that true cosmopolitism—as 
attributed to man—does not any where exist either in the animal or in 
the vegetable kingdom. In support of this proposition it is proposed 
to cite some testimony. On the subject of the vegetable kingdom, 
Candolle says: ‘‘No phanerogamous plant extends over the whole sur- 
face of the earth. There are not more than eighteen of these plants 
which extend over an area equal to half the earth, and no tree or shrub 
is among those plants which has the greatest extension.” 

In my lectures upon this subject, I have cited the best scientific au- 
thorities respecting the principal groups of marine animals, either of 
salt or fresh water. I have reviewed the fauna of the air, beginning 
with the insects, and I have dwelt to some extent on fishes and rep- 
tiles. Omitting all the rest of the birds I notice the Peregrine falcon, 
the area of whose habitat is the most extended, occupying, as it does, 
all the temperate and warm regions of the Old and New World, but 
does not reach the Arctic regions or Polynesia. 

Anatomatically and physiologically, Man is a mammal, nothing 
more, nothing less. This class interests us more than the preceding, 
and furnishes us with knowledge more precise. Permit me, then, to- 
enter upon certain details, taking for my guide the great work of 
Andrew Murray, which became classic upon its appearance. By 
reason of their strength, their great power of locomotion, and by the 
expanse and continuity of the seas which they inhabit, the Cetaceans 
would seem to have both the greatest capacity and opportunity to 
become cosmopolitan, but such is not the case. Hach species is 
restricted to an areamoreor lessextended, from which afew individuals 
occasionally make excursious, but always soon return to their proper 
limit, Two exceptions have been claimed to this general rule. A 
Rorqual, with large flippers [the “humpback ”], and a boreal Balenop- 
tera [“finback” whale], natives of temperate and frigid seas, have been 
found, the first at the Cape of Good Hope, the second at Java. But 
even these are said by Van Beneden and Gervais, the two greatest 
authorities on Cetology, to be at least doubtfui; but accepting them 
as true, it yet remains that neither species has ever been found in the 
seas that border America or Polynesia. Among other animals than 
the Cetaceans, there is nothing to be found approaching even a 
harrow cosmopolitism. Here again I am to spare-you details. It 
is familiar to all, that Edentates and Pachyderms have their respective 
countries clearly defined, and if the horse and the hog are to-day in 
America, it is because they were imported by Europeans. 

The number of Ruminants which inhabit the north of the two con- 
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tinents is very small. The Reindeer and the Caribou are generally 
regarded as only varieties of one species. Brandt, with some reserva- 
tions, says the sameof the Bison and the Auroch, the Argali (Asiatic 
wild sheep), and the Bighorn (Rocky Mountain sheep). But none of 
these species are found in the warm regions of these two hemispheres, 
nor in all Oceanica. The Carnivora offer similar facts to the preced- 
ing; but when we come to the Cheiroptera and the Quadrumana we do 
not find a single species common to both continents, or to the rest of 
the world. 

Thus among all organized beings, whether plant or animal, there is 
not a cosmopolitan after the manner of man. Now it is evident that 
the area ofthe actual habitat of any animal or vegetable species in- 
cludes the center where that species first appeared. By virtue of the 
law of expansion the center should likewise be less in extent than the 
occupied area. No plant and no animal, therefore, originated in all the 
regions of the globe. To suppose that in the beginning man appeared 
everywhere that we now see him would be to make an exception of 
him which would be unique. The hypothesis therefore can not be ac- 
cepted, and every monogenist will reject the supposition of the initial 
cosmopolitism of the human species as a false conclusion. 

The Polygenists must accept the same conclusion unless they refuse 
to apply to man the laws of geography, botany, and zodlogy that govern 
all other beings. In fact, to whatever extent they have multiplied the 
species of man, whether they assume that there are two with Virey, 
fifteen with Bery Saint-Vincent, or an undetermined but considerable 
number with Gliddon, they have always united them into a single 
genus; and they could not do otherwise. Now a human genus can be 
no more cosmopolitan than a human species. Speaking of plants, 
Candolle says, ‘‘ The same causes have borne on genera and on species,” 
and this is as true of animals as of plants. 

Restricting ourselves to mammals, among the cetaceans, Murray 
thinks that the genera of the rorqual and the dolphin are represented 
in all the seas. Van Beneden and Gervais dispute this. We will how- 
ever admit it; it does not all weaken our conclusion, for, excepting the 
cetaceans, there can be no question of generic cosmopolitism. Of the 
ruminants, the genera of the deer, the ox, etc.; of the carnivora, the 
cat, bear, etc., have representatives in both worlds, but none in Aus- 
tralia or Polynesia. As we examine the higher groups, we see the 
number of these genera of large area diminishing, until finally not a 
single genus of monkey is known to be common to the Old and the 
New Continent; and the Simian type itself is wanting in the greater 
part of both worlds and Oceania. 

Thus, whether we regard animals by species or by genera, the area 
of their habitat becomes more restricted as the animals are higher in 
the zoblogic scale. It is the same with the vegetable kingdom. Can- 
dolle says: “The mean area of species is as much smaller as the class 
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to which they belong has a more complete, more developed, or in other 
words a more perfect organization.” 

The greater restriction of the area in proportion to the increasing 
perfection of the organism is then a general fact, a law applicable to 
all organized beings, and which is easily explained by physiology. 
Now this law is in direct opposition to the hypothesis that there ean 
exist a human genus comprising several distinct species which have 
appeared in every quarter of the earth, wherever we now find men. In- 
voking the authority of Murray, and the universality of habitat which 
he attributes to the genera of the rorqual and the dolphin, polygenists 
might be tempted to say, ‘ non-cosiopolitism already presents two ex- 
ceptions. Why may there not beathird? Two genera of cetaceans are 
represented naturally in all the seas. Why may not the human genus 
have appeared at the start in every land?” This reasoning is faulty 
at its foundation. The rorqual and the dolphin belong to the lowest 
order of mammalia. Man, if we regard the body alone, is of the 
highest order. Unless we constitute them a single exception, they 
must obey the laws of the superior group; consequently they can not 
escape the law of increasing restriction of area. 

It follows therefore that a human genus, as the polygenists under- 
stand it, must have occupied, in its origin, an area no more extended 
than that which has comprehended some genera of monkeys. But 
among the monkeys themselves all naturalists recognize a hierarchy; 
all place at their head the order of anthropoid apes. It is then 
from the secondary groups of this family that polygenists should ask 
for indications of the possible extent of area primarily accorded to the 
human genus; and itis well known how inconsiderable is the area 
occupied by the genera Gibbon, Orang, Gorilla, and Chimpanzee. 

Whatever our point of view, we have either to assume that man 
alone escaped the laws which have regulated the geographical distri- 
bution of all other organized beings, or else admit that the primitive 
tribes were domiciled upon a very restricted space. Judging from 
present conditions, making the largest concessions, neglecting the in- 
contestable superiority of the human type over the Simian type, all 
that the polygenistic hypothesis permits is to regard that area as 
having been nearly equivalent to that occupied by the different 
species of Gibbons which range on the continent from Assam to 
Malacca; in the islands from the Philippines to Java. Monogenism of 
course tends to restrict this area still more, and to make it equal at most 
to that of the Chimpanzee, which extends nearly from the Congo river to 
the White Nile. I would be the first to recognize that we may perhaps 
have to enlarge these limits at some later time. I consider the exist- 
ence of man during the Tertiary geologic epoch to be demonstrated ; 
and only the geographical distribution of the monkeys, his contempo- 
rary, can firnish more precise information upon the primary extension 
of the center of man’s appearance. Paleontology has taught us that 
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the area formerly occupied by the Simian type was evidently more 
considerable than it is now. It may have been the same with the an- 
thropoid apes, but down to the present time, no fossil is connected with 
that family. The extinct dryopithecus, long regarded as belonging to 
them, has been shown by the examination of the best preserved remains 
to be nothing more than an inferior ape. The general laws of the geo- 
graphic distribution of beings, and especially that of increasing restric- 
tion of area, with superiority of organization, permit us to affirm that 
man primarily occupied only a very limited part of the globe, and that 
if he is now everywhere, it is because he has covered the earth by means 
of his emigrant tribes. 

I am aware that this ideaof the peopling of the globe by migrations 
has disquieted many persons. It puts directly before us an immense 
unknown; it raises a world of questions, a large number of which may 
appear inaccessible to our investigations. It has been often said, “Why 
create all these difficulties? It is more natural to confine ourselves to 
the popular movement attested by history, and accept autochthonism, 
especially among the lower savages. How could the Hottentots and 
the Fuegiens reach their present country starting from some undeter- 
mined point posited in the north of Asia? Such voyages are impossible; 
these peoples were born at the Cape of Good Hope and at Cape Horn.” 
These suggestions may be answered by an anecdote borrowed from 
Livingston, the bearing of which will be easily comprehended. This 
iliustrious traveler relates how in his youth he with his brothers made 
long excursions devoted to observations in natural history. ‘In one 
of these exploring tours,” he says, ‘‘before the study of geology had 
become as common as it did later, we went into a limestone quarry. 
It is impossible to express with what joy and astonishment I set 
myself to picking out the shells which we found in the Carboniferous 
rocks. A quarryman looked at me with that air of compassion which 
a kindly man takes on at the sight of a person of feeble mind. [asked 
him how these shells came in these rocks, he answered, ‘When God 
made the rocks, he made the shells and put them there.’” Livingston 
adds, ‘What pains geologists might have spared themselves by adopt- 
ing the Ottoman philosophy of that workman.” It maybe asked, in 
turn, where would geology have been if men of science had adopted 
that philosophy? I ask the anthropologists to imitate the geologists: 
I invite them to inquire how and by what way the most distant peoples 
have radiated from the center of the first appearance of man to the ex- 
tremities of the globe. Iam not afraid to predict brilliant discoveries 
to those who will set themselves seriously to the study of the numerous 
and well-established migrations. In this the past permits a glimpse 
into the future. 

Some years since, when objectors used the language I have just 
recalled, they did not fail to add Polynesia to the list of regions which 
man, then destitute of all our perfected arts, could not have reached, 
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It is now known how completely such assertions haye been contra- 
dicted. Adding his personal researches to those of his predecessors, 
Hale first drew a map of Polynesian migrations. Twenty years later, 
aided by the documents subsequently collected, I was able to com- 
plete the work of the learned American. Now, as has been said by 
the lamented Gaussin (so competent to speak in all that relates to 
Oceanica), the peopling of Polynesia by migrations starting from the 
Indian Archipelago is as clearly demonstrated as the invasion of 
Europe by barbarians in the Middle Ages. 

Like Polynesia, America was peopled by colonies of emigrants from 
the Old World. Their point of departure is to be discovered and 
their tracks to be followed. The labor will indeed be more difficult 
and longer upon the Continent than in Oceanica, principally because 
the migrations were more numerous and go back to a higher antiquity. 
The first Indonesian pioneers who, departing from the Island of 
Bouro, landed in the Samoan and Tongan archipelagos, probably 
made the passage near the end of the fifth century, or about the time 
of the conversion of Clovis. The peopling of New Zealand by emi- 
grants from the Manaias goes back at most to the early years of the 
fifteenth century. Thus the peopling of Polynesia was all accom- 
plished during our Middle Ages, while the first migrations to America 
date from geological times. Two savants, to whom we owe precious 
discoveries, Ameghino and Whitney, have traced the existence of man 
in America back to the Tertiary age. It is true that this opinion has 
been contested by men of equal repute; but I believe that the view of 
these men is confirmed by a comparison of the fossil faunas of the 
pampas of Brazil and the California gravels. 

Judging by what little we know, man reached Lombardy and the 
Cantal before he had penetrated to America. It is necessary here, 
without doubt, to make the most formal reserves in favor of future dis- 
coveries; but if the fact is confirmed, it would seem to admit of easy 
explanation. Everything leads me to believe that the separation be- 
tween America and Asia as now existing took place before the Quar- 
ternary époch. If it was otherwise the species of mammalia common 
to the north of both continents would have been more numerous. The 
men and land animals on the shore of the Bering Sea and Strait have 
been stopped there. But when the great geologic winter substituted 
the polar temperature for a climate similar to that of California, the 
ancient Tertiary tribes were forced to migrate in every direction. <A 
certain number of them may have embarked upon the ice extending 
between the two shores, and thus have arrived in America with the 
reindeer, as did their western congeners in France with the same 
animal. From that time the era of immigration was opened for 
America; if has never been closed since. Each year the winter re- 
builds the bridge which unites East Cape with the Cape Prince of 
Wales; each year a road—relatively easy for the hardy pedestrians, 
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—— stretches from one pom cdot to the other; and we know that the pop- 
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ulation of the two opposing shores take advantage of it to maintain 
communications with each other. 

Whenever one of those great social agitations of Asia made its waves 
felt in distant countries; whenever revolutions, political or social, over- 
whelmed them, is it not evident that the fugitives or the vanquished 
would often have taken this route, of the existence of which they were 
aware? To reject the idea of such migrations over the frozen seas, it 
would be necessary to suppose that since the commencement of the 
Quarternary period all neighboring regions have enjoyed a perpetual 
peace; but we all know that such a peace is not of this world. This sea 
may not have been the only route followed by American immigrations. 

The chain formed by the Aleutian islands, and Alaska further to the 
south, opened a second route to tribes which possessed a little skill in 
navigation. The Aleuts occupy in Prof. Dall’s ethnological chart the 
whole extremity of the peninsula. 

By these ways, what we might cal] the normal peopling of America 
may have taken place. But bathed on either side by a great ocean, 
this continent could not fail to profit by the hazards of navigation, and 
we can recognize more and more how it may have been done. It may 
now be said, that with Europe and Africa on one side and Asia and 
Oceania on the other, these have sent to America a number of invol- 
untary colonies more considerable perhaps than might be supposed. 

Immigrations in America as well as in Europe have been intermittent, 
and separated sometimes by centuries. America has been peopled as if 
by a great human river, which, rising in Asia, has traversed the conti- 
nent from north to south, receiving along its course a few small tribu- 
taries. This river resembles the torrent streams of which there exist 
examples in France. Usually, and sometimes for years at a time, their 
bed is nearly dry. Then a great storm comes and a liquid avalanche 
descends*from the mountains where their sources rise, covers and ray- 
ages the plain, turning over the ancient alluviums, disturbing and ming- 
ling the old aud new material, carrying farther each time the débris 
eroded on its passage. Suchhas been the career of our ethnological river. 
Its floods moreover have often been diverted to the right or left, and 
it has opened new channels. It has also had its eddies; but its general 
direction has not changed, and we can trace it down to the present. 

One of the most agreeable tasks for the students of American ue 
historic anthropology will be to retrace this river up to its source; to 
determine the succession of its floods; to distinguish the origin a 
nature of the elements which it has swept down; to follow those ele- 
ments from stage to stage, and to thus recover the route each one of 
them has taken to the point of its arrival; in other words, to write the 
history of these migrations of the different people of America. The 
accomplishment of this task, as has already been said, is indeed much 
more difficult in America than in Polynesia. Those who undertake it 
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will encounter nothing corresponding to the historic songs and the 
geneologies composing the oral archives and traditions so religiously 
preserved in all the islands of the Pacific. But modern science has 
resources, the power of which we are better and better coming to un- 
derstand, combining the data furnished by the study of geologic strata 
and their fossils, of comparative craniology, of linguistics, and of 
ethnography. We may hope to enter upon this group of problems and 
to foresee their solution. Serious efforts have already been made in 
this direction, which have not been unfruitful. One can even now in- 
dicate upon the chart a considerable number of itineraries, even though 
as yet only partial and local. They are scarcely more than fragment- 
ary traces, similar to those which the predecessors of Hale found in 
Oceania. Possibly it will be a long time thus; nevertheless, the Amer- 
icanists should not lose courage; each new discovery, of however small 
importance it may at first appear, is Some progress toward the general 
end. Year after year these fragmentary traces, now so isolated and 
scattered, will be consoiidated and coérdinated with each other, and 
then will come a day when a map of American migrations can be con- 
structed showing the movement of early man from Asia to Greenland, 
and to Cape Horn, similar to the map already made of Polynesian mi- 
gration from the Indian Archipleago to Kaster Island, and from New 
Zealand to the Sandwich Islands. 


PRIMITIVE INDUSTRY.* 


By THomAS WILson, LL. D. 


The modern signification of primitive industry is the art work of 
primitive man, and as such is a test of his civilization. As we know 
of the earliest man only by his industries, it is justifiable under this 
head to consider man in the highest antiquity. The origin of man 
and his first known appearance upon earth have always been interest- 
ing subjects and have attracted the attention of all men throughout 
all time. It is mysterious, unknown ; it awakens curiosity; it excites 
that portion of man’s nature which desires to trace things to their 
origin, and to find a rational and satisfactory explanation of the cause 
and manner of man’s appearing. It has been studied from various 
points ; by biology, by paleontology, linguistics, history, psycho-phys- 
ics, and by archeology. There are various branches of science by 
which the history of man can be studied, but they are all modern. 
The ancients knew nothing relating to the antiquity of man. 

Until the times of Copernicus and Gallileo it was believed that the 
earth was the center of the solar system, and that the sun, moon, and 
stars revolved around it. Until the time of Michael Angelo, and Ber- 
nard Pallissy, fossil shells found in the earth were believed to be the 
fragments of stars fallen from the heavens. One hundred and fifty or 
two hundred years ago the science of geology commenced to be studied, 
and the formation of the earth, with its proper place in the solar 
system, began to be understood. At the beginning of the nineteenth 
century it was an accepted theory that man’s appearance upon earth 
dated only about six thousand years ago. This theory was accepted 
for want of any better; those who rejected it did so @ priori, and not 
because they had another or juster theory to propose. In the early 
part of this century, the Government of Denmark organized a commis. 
sion, composed of a geologist, a zoologist, and an archeologist, charged 
with the duty of investigating that country on the lines of their 
respective sciences, in the course of which they came upon the art 
works of primitive man. They pursued their investigations for nigh 
thirty years before the first publication was made, which resulted, 
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after many disputes and much consultation, in the establishment of 
the Pre-historic Ages of Stone, Bronze, and Iron. This commission 
found various monuments and implements, evidently of human origin 
and manufacture, which being unlike anything belonging to the his- 
toric man of that country, were decided to be the evidence of an earlier 
and pre-historic man. The most important of these were the Dolmen, 
which was his tomb, and the stone hatchets. These discoveries were 
published in 1836 by Thomson, archeologist, and founder of the Pre- 
historic Museum at Copenhagen, of which he continued curator for 
fifty years. They were recognized throughout western Burope, and 
they accounted for similar monuments and implements which theretofore 
had been unexplained, or if so, were attributed to supernatural means ; 
the hatchets especially being believed to have descended from heaven 
in a bolt of lightning or clap of thunder, and they were called by those 
names respectively, ‘Lightning Stone” or “Thunder Stone,” and were 
guarded as amulets for the protection of property against fire. This 
was the first step in the discovery of primitive industry. 

In 1859 Darwin published to the world his theory on the Origin and 
Evolution of Species, and thus he sought to establish and explain the 
antiquity of man. Contemporaneous with this was the discovery of 
Paleolithic implements by M. Boucher de Perthes in northern France. 
The place of their original and first discovery was St. Acheul on the 
river Somme, but afterward they were found in other places,—Chelles 
on the river Marne, near Paris, being one of the principal. . The latter 
station gave its name to the implements, and they have since been 
called Chellean. So far as can now be asserted with confidence, these 
implements are the earliest made or used by man. They may have 
served as axes, hatchets, or knives, spear-heads or what-not. They 
appear to have been a tool for every use, just as a sailor would use his 
jackknife if he had no other tool or weapon. They have been called in 
England “drift implements” because they were found in the river drifts 
or deposits. Their positions when thus found indicated for them an 
antiquity equal almost to the river valleys themselves, and as belong- 
ing to that geologic period called by the French geologists “ Quarter- 
nary,” by the English “ Pleistocene,” and by American « Post-pliocene.” 

There was a geologic period when the waters of the earth were en- 
gaged in carving out the river valleys, eroding and cutting them out 
between the blufts on either side. In that.time the rivers filled the 
ae. ae hills, pouring down their waters with a rush and carry- 
ing the greatest quantity of water 5; Tey: sti ; 
le se ‘ eRe At we Bh i aS phases AS time progressed the 

SS a » current became slower and less 
powerful. At the close of the Pliocene and at the beginning of the 
Quarternary period, the sand and gravel which had before been cateied 

aveys evew . as ees 3 
Siena ae in this bend and on that point 
¢ he ace of the water and formed what is 
now the highest terrace. Thus the river was narrowed and the terrace 


ecame a new river bi Thi E88 ; 4 
b ver bank. This process was repeated again and again 


PRIMITIVE INDUSTRY. 523 


until the river finally receded to its present bed, leaving sometimes 
three terraces, each one higher, deeper, and more distant from the river 
than the other. These terraces may not exist on the rapid mountain 
streams of the Atlantic slope, but they are plainly to be seen upon the 
longer rivers of the western slope of the Alleghenies. They are plainly 
manifest in the Mississippi river and its tributaries. One who has had 
the opportunity for inspection of these gravelly terraces, can see at 
once how the material was brought down by the water and here de- 
posited. It is dependent upon amount and velocity of the water and 
the size of the pebble whether the deposit is of the finer debris or made 
up of pebbles only. Its layers or strata are plainly marked, and 
the volume and rapidity of the current can easily be surmised if not 
actually calculated. In France and ngland bones of animals belong- 
ing to that period, animals extinct in modern times, the mammoth, 
even its ancestor elephas antiquus, the rhinoceros merkii, the hippopot- 
amus, the cave bear, the saber-toothed tiger, had been caught in the 
whirls of water, carried down and deposited with the pebbles. In 
these gravels, and associated with these animals, have been: found 
these chipped stone implements called chellean. If these implements — 
had been found as isolated specimens, only a few in number, they 
would not be nearly so convincing as when found as they have 
been in almost every river valley of Western BEurope by the thou- 
sands if not the tens of thousands. They are there usually of flint, 
probably because flint was the material easiest procured and best 
suited to the purpose. In localities where flint was not indigenous, 
quartzite has been used, and there are in the U.S. National Museum 
specimens of this material from England, France, and Asia. They 
were made altogether by chipping, that is, by being struck with the 
hammer; it may have been another pebble; and so flakes knocked off, 
first from one side and then from the other, until the implement was 
reduced to an irregular but sharp edge and point. They are made 
sometimes of a bowlder, whether of flint or of quartzite, and the crust 
of the original pebble is shown and part left for the grip. They are of 
a size to be held in the hand and used as tools or weapons. There is 
no evidence that they were ever hafted, but on the contrary, their 
form is such as to render them most difficult for satisfactory handling. 
An envelope of hide, grass, leaves, moss, or something similar probably 
served to protect the hand. They have two or three peculiarities, which 
it is proper to notice, other than being chipped and having a grip. 
They are always of appropriate size for use; they are thicker in pro- 
portion to their width than any other stone-cutting implement; they 
are usually almond-shaped, and their cutting-edge is at the point, 
The conclusion that the implements were of human manufacture, and 
are evidence of the antiquity of man, was not admitted until after much 
discussion and investigation. The first of them was found in 1836. 
M. Boucher de Perthes soon after published his belief that they were 
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evidence of what he called “Antedeluvian Man.” It was disputed, 
first, that they were not of human manufacture. M. Mantel, an English 
geologist of some celebrity, once read an extended paper before one of the 
scientific societies of London to prove they were not. The fact of their 
discovery was disputed, the location had to be identified and established ; 
and it was not until 1859 (thirteen years or more), that the conclusion as - 
aforesaid was accepted, and then only after the investigation of a joint 
comiittee of fifteen prominent scientists, half from England, half from 
France, which met on the ground and were fortunate enough to find 
some specimens in situ. Since then the belief in the genuineness of their 
evidence as high antiquity of man has been accepted by all men. It 
was soon after the discoveries of M. Boucher de Perthes and those of 
M. Lartet of the caves of southern France, that Sir John Lubbock, 
noting the difference between this industry and that. of the dolmens 
and polished stone hatchets of Denmark and other countries, and that 
they all belonged to the Stone age, took upon himself the division of 
that age into periods, of which he named the former Palolithic, that 
is, the early period, and the other the Neolithic, or the later period of 
the Stone age. Thus it will be perceived that the existence of a 
Paleolithic period, the evidence of the occupation of that country by 
man in a period of time earlier than the Neolithic, was as much opposed, 
and required as long a time to secure a favorable settlement as has 
the discoveries of Dr. Abbot of similar implements in the Trenton 
gravels. From France and England the new evidence concerning the 
antiquity of man spread to other countries, and it was found that 
similar implements existed in nearly every country in the world. They 
have been found in Spain and Portugal. Mr. H.C. Mercer, a gentleman 
from Philadelphia, while at Madrid during the last exposition in 1892, 
visited one of the gravel beds of the neighborhood, San Isadore, where 
these implements were said to have been found, and he discovered one 
in place which he declares impossible to have been other than an 
original deposit. He secured all evidence by photographs, plaster 
casts, ete. So also of Italy. They have been found in various locali- 
ties and are to be seen in the museums of different cities. Prof. H. W. 
Haynes, of Boston, found the same kind of implement on the left bank 
of the Nile, not in the alluvial deposit, but in an eroded gully or water- 
way in the original gravelly deposits. Christian missionaries to the 
Holy Land have found and reported similar implements, and they are de- 
posited in the museum at Paris. Two great stations in Hindostan were 
also disclosed,—one near Madras, in southeastern Hindostan, and the 
other in Nerbudda, on the northwest coast. In many of these 
cases such implements were deposited deep in the gravel together 
with the bones of extinct animals, accompanied only by their neces- 
sary débris of chips, hammers, flakes, ete.; and except certain im- 
plements, the hammer, scraper, and leaf-shaped blade, which, from 
their nature, belonged to both periods, nothing was found which 
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had any relation with the Neolithic or polished stone period. So 
it has come to pass that throughout the world, whatever differences 
there may have been between the scientists as to the antiquity of man, 
or the locality of his original appearance, manner of his civilization, use 
of implements (and these differences have been almost infinite), nearly 
all of them have agreed upon the existence of this Paleolithic period, 
and that it was anterior to the Neolithic period. It is not therefore 
for me to continue in this country a discussion of matters which belong 
to other countries, and which have been fully investigated for years by 
the scientists of those countries and been accepted as settled. If the 
evidence as to Paleolithic man in America be developed, arguments 
made and investigations required, it will be nothing more than what 
was required in France and England at the time of the original discov- 
ery; but Lam not without the belief that it will be finally acknowledged 
to be true in our country, as it had been in other countries. A series 
of pertinent questions may have already suggested themselves: What 
is the Paleolithic age? What are its characteristics? By what test is 
it to be known? Before the name Paleolithic was given to it, indeed 
many times since, it was called the age of chipped stone. It must not 
however be considered that every stone implement belongs to the Stoue 
age because it was chipped. Our own North American Indian, during 
all the time he has been known, even into the present century, has made 
—indeed pre-historic man has always made—his stone arrow and spear- 
heads by chipping. The term Paleolithic age, synonymous with chipped 
stone age (to be translated as the early Stone age), is to be regarded as 
descriptive of a certain state of human culture,—a stage of human civili- 
zation belonging to the antiquity of man, and as its name indicates, one 
of the earliest, if not entirely the earliest, civilization known. Some pre- 
historic anthropologists believe there have been earlier civilizations, but 
this conclusion is disputed, and has not been generally accepted by scien- 
tific inyestigators. In this early state of culture primitive man em- 
ployed stone as the material for all lis cutting implements. He was un- 
acquainted witb the processes of pecking or grinding, and so, to reduce 
these stones to a sharp edge or point, he had recourse to chipping. This 
he accomplished by percussion with a hammer or punch, or a pusher of 
some kind, or possibly all three. With these he could knock off the 
large chips and flakes, and could push and press off the smaller ones. 
In this way he reduced his implement to a cutting edge or point. The 
first epoch or period of man’s civilization was characterized by these 
implements. This epoch was called by M. de Mortillet the chellean 
epoch, but by M. Reinach and others, the alluvial period, because the 
implements were found in the alluvial deposits of the river valleys; while 
others called the age of the mammoth. 

As time progressed man made certain improvements or inventions 
and attained a higher culture. These epochs have been differently di- 
vided and differently named; by some they have been called the cay- 
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ern period; by others the reindeer period; and M. de Mortillet made 
finer distinctions to which he gave the names of localities in which the 
implements occur: Solutre, Moustier, and Madaleine. These were cay- 
erns or rock shelters, and they all represent the cavern period, with the 
mammoth and the reindeer the most abundant, as the represent- 
ative animals. The flint implements of these epochs were changed in 
some degree,—the points become smaller, scrapers appeared ; bone, horn, 
ivory was used; harpoons and fish-spears are found along the river 
banks, and there have been already discovered about 400 specimens of 
engraved animal bones, some of which are only ornaments while others 
are decorated implements, daggers, poignards, etc. It is coming to be 
somewhat fashionable in the United States to deny the authenticity of 
these works of Paleolithic art; to denounce them as frauds, declar- 
ing them to be too fine to have been the work of a savage. It is not 
my purpose on this occasion to enter into any defense thereof. When 
ever these charges shall take proper form and appear over responsible 
signatures in the scientific publications of this country, and be trans- 
mitted to France and England, their people, who are most interested 
and best acquainted with these objects, will be abudnantly able to make 
response thereto. Until that time, they will as I do—ignore all insinua- 
tions. 

It has been announced that new discoveries made by some of our 
local archeologists, whose names were mentioned, had about demol- 
ished the Paleolithic age in Europe as well as in America. I dissent 
from this opinion, but it is not to be discussed here. When the prop- 
osition shall have been published, so that we may know exactly what is 
charged and what is te be combatted, then it ean be turned over to the 
European pre-historic experts for them to defend their proposition, and 
no one will doubt their ability to do so. The seeker after knowledge 
may properly ask, how it can be known that these different stages of 
culture succeeded one another in the order named, and why they should 
be classed with the Paleolithic age, | can only upon this oceasion 
state the facts which appeared satisfactory to the various investigators, 
without attempting to argue or prove them. In the alluvial period, the 
chellean epoch, these implements have been found in various parts of 
Europe by the ten thousand, and always without the slightest trace of 
the association with implements of polished stone. A single locality, 
it is agreed, would be little or no value, but when it comes to be re- 
peated by the score of times in localities widely separated, belonging 
even to different countries, with never an exception, it has been ad- 
mitted as satisfactory evidence that there was a Paleolithic age inde- 
pendent from the Neolithic. That it was earlier than the Neolithic 
seems to be established. The position in which the implements have 
been found, indicating their great age; the conditions under which 
they have been found, deep in the undisturbed gravels of the river 
valleys, and associated with the bones of extinct animals, which, in the 
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opinion of the investigating geologists, proves that they Heong to 
a prior geologic period, the Quaternary, or Post-pliocene. 
_ The progressive steps of culture and invention mentioned as belong. 
ing to the cavern period seem to have been satisfactorily established 
by investigation made in the caverns themselves, where in numerous 
instances the gradual filling up of the cavern has preserved the earlier 
occupation at the bottom, while the subsequent occupations have taken 
their respective places, each one above the other in their orders of 
time. For example, at Kent’s Cavern, near Torquay, England, the cav- 
erns investigated with all possible care during a period of twelve or 
thirteen years, in which as many thousand dollars were expended, 
under the direction of a committee appointed by the British Associa- 
tion, where the strata of these early occupations were covered by layers 
of stalagmite spread over what was then the entire surface, separating 
and sealing it hermetically from subsequent occupation. Under it, in 
various parts of the cavern, were found these same chipped flint imple- 
ments, which have been denominated chellean, and beyond the chips 
and flakes possibly the hammers incident necessary for their fabrication. 
No other trace of human industry was found. In the Grotte de Placard, 
in southwestern France, the same super-position was found, which gave 
satisfactory evidence of this succession of human occupation and of the 
accompanying changes and improvements of human culture. The strata 
containing Neolithic and Paleolithic objects are distinctly marked and 
are separated by a stratum entirely sterile so far as concerns. archeology, 
made up chiefly of broken stones from the roof of the cavern, several 
inches in thickness. The cavern of Laugerie Haute gives the same 
evidence and is even more positive, for the sterile stratum is about 4 feet 
3 inches in thickness. In the Grotte de la Vache the stalagmitic stratum 
between the Paleolithic and Neolithic industries is about 18 imches 
thick. The latest indications we have, occurred in the summer of 1892, 
when M. Boule was called from Paris to visit the pre-historic station 
cavern of Schweizersbild, near Schaffhausen, in the immediate neighbor- 
hood of the cavern of Thayingen, Thiiringen, which gave the celebrated 
drawing, engraved on bone, of the reindeer browsing. M. Boule has 
just published a report of his investigations in the Nouvelles Archives 
des Missions, tome 111, and he shows (pl. 3), the drawing which he has 
made of the debris left on the side of the cavern showing the superposed 
and consequently successive occupations and corresponding improve- 
ments in human invention and human culture. 

The differences between the Paleolithic and the Neolithic ages in 
Europe, the only place where it has been studied, are marked by dif- 
ferences in climate, geography, fauna, domesticity of animals, sociology 
aud other things beside industry. Prof. Boyd Dawkins, “ Karly Man 
in Britain,” page 265, says : 

“The great changes in the fauna and geography of Great Britain, 
at the close of the “Pleistocene age, render ed it very improbable that 
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the cave men were in any way represented by the Neolithic tribes who 
are the first to appear in pre-historic Europe. The former possessed 
no domestic animals, just as the latter are not known to have been 
acquainted with any of the extinct species, with the exception of the 
Irish Elk. The former lived as hunters, unaided by the dog, in Britain, 
while it was part of the continent; the latter appear as farmers and 
herdsmen after it became an island. Their states of culture were 
wholly different. We might expect on & priori grounds that there 
would be an overlap, and that the former would have been absorbed 
into the mass of the new-comers. There is however no evidence of 
tChiss-" = 

From the facts at present before us, we may conclude that they be- 
long to two races of men, living in Europe in successive times, and 
separated from each other by an interval sufficiently great to allow of 
the above-mentioned changes taking place in the physical conditions 
of Britain.” - 

Sir John Evans, in ‘Ancient Stone Implements of Great Britain,” 
page 618, says: 

“There appears in Britain to have been a complete gap between the 
river drift and surface-stone periods (that is to say, the Paleolithic and 
Neolithic periods); so far as any intermediate forms of implements are 
concerned; and here at least, the race of men who fabricated the latest 
of the Paleolithic implements may have, and in all probability had, 
disappeared at an epoch remote from that when the country was again 
occupied by those who not only chipped out but polished their flint 
tools, and who were moreover associated with a mammalian fauna far 
nearer resembling that of the present day than that of the Quatenary 
times.’ ; 


M. Gabriel de Mortillet, in ‘Le Prehistorique,” page 479, discussing 
the difference between the Paleolithic and Neolithic periods, says the 
former belonged to the Quaternary geologic period while the latter 
belongs to the present or actual periods. ‘‘ Between these two epochs 
there are differences everywhere; there exists a veritable revolution.” 
And he puts these differences, one against the other, in the form of a 
table. 

In the later epoch of the Paleolithic period the climate was cold and 
dry with extreme temperatures; while in the Neolithic period the cli- 
mate was temperate and uniform. 

In the Paleolithic period were living many great fossil animals like 
the cave bear, the giant beaver, and, most plentiful of all, the mam- 
moth; in the Neolithic period all these were extinct. Out of 48 well- 
ascertained species living in the Paleolithic period in France, and 
Kungland, only 31 were continued in the Neolithic period. 

Of the animals living in the center of Europe on the plains, and as- 
sociated with man in the Paleolithic period, no less than 18 were cold- 
loving. In the Neolithic period, 13 of them, such as the reindeer, 
antelope, musk ox, blue fox and white bear, emigrated to cold countries 
by latitude; while five, the chamois, marmot, wild goat, and others 
have emigrated to cold countries by altitude, going up the mountains. 


el 
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In the Paleolithic period there were no domestic animals. In the 
Neolithic period they were abundant. : 

In the Paleolithic period, the population was nomadic; they were 
hunters and fishers, but not agriculturists. In the Neolithic period 
the population was sedentary, and agriculture was well developed. 

In the Paleolithic period there was practically no pottery in France 
and England; in Belgium there have been two localities where pottery 
has been found. 

In the Paleolithic period there were no monuments of burials, and 
apparently no respect for the dead. In the Neolithic period there were 
many and great monuments, dolmens, and menhirs of great size, with 
elaborate burials. 

There is in the Paleolithic period nothing to show that mam had any 
idea of religion or a future state; in the Neolithic period these senti- 
ments and ideas were well developed. 

In the Palolithic period man has an artistic sentiment; in the Neo- 
lithic period he apparently had none. ; 

So it appears that the revolution and contrast between the two peri- 
ods is at once physical and industrial, natural and social. - The changes 
in climate suggest changes of equal importance in orography and geo- 
graphy which must have been accompanied by profound geologic modi- 
fication. All these changes in man’s civilization, his surroundings and 
environinents, took place between the Paleolithic and the Neolithic 
periods, and this in addition to the marked change in his industry from 
chipped to polished stone. Thus it will be seen that the latter differ- 
ence is but slight, and only one out of a dozen, which equalled if it did 
not exceed it in importance and effect. 

Sir John Evans, in “Ancient Stone Implements of Great Britain,” 
page 618, says: 

‘The antiquity then that must be assigned to the implements in the 
highest beds of river drift may be represented (1) by the period requis- 
ite for the excavation of the valleys to their present depth; plus (2) 
the period necessary for the dying out and immigration of a large part 
of the quarternary or post-glacial fauna, and the coming on of the pre- 
historic; plus (3) the polished stone period; plus (4) the bronze, iron, 
and historic periods, which three latter in this country occupy a space 
of probably not less than three thousand years. A single equation in- 
volving so many unknown quantities is, as already observed, not sus- 
ceptible of solution.” 

I resume the discussion of the existence of the Paleolithic age in 
the United States. There have been found in the Trenton gravels, 
numbers of rudely chipped implements of argillite which have been 
called Paleolithic. They were originally discovered by Dr. Abbott, 
who resided at Trenton and who has been interested in pre-historic arch- 
wology, and was employed by the Peabody Museum, and who for many 
years has been devoted to the pursuit of evidence of early man in the 
Delaware Valley. He is now curator of the museum of archeology in 

H, Mis, 114——34 


530 - PRIMITIVE INDUSTRY. 


the University of Pennsylvania. Dr. Abbott, like M. Boucher de Per- 
thes, was subjected to much investigation and had to stand under the 
light of fierce criticism from the opponents of his theory. Dr. Abbott’s 
character or ability as an archeologist, a naturalist, or an observer, is 
not at issue at the present moment. No person can now deny the fact 
that he believes that he has found a number of these implements deeply 
inbedded in the original gravel deposit of the Delaware River at Tren- 
ton; the implements found at Trenton and otherwheres in the United 
States have the same general appearance of those heretofore shown 
from other parts of the world. In addition to my own testimony on 
this subject, I may add the testimony of M. Boule, a noted French ge- 
ologist and student of pre-historic man,on the same subject, which has 
appeared in the last number of Anthropologie, vol. Iv, pp. 36, 37: 

“During my voyage in the United States in 1891, on the occasion of 
the International Congress of Geology, at Washington, I was able to 
see some of the chipped stones of Trenton, in the collection of pre- 
historic archeology at the Smithsonian Institution, and in the Peabody 
Museum. I could there study at leisure the collections of Dr. Abbott. 
That which struck me most forcibly was the -similitude, I may say 
almost identity, of the form of the American instruments with the 
European palzolithic implement. At Trenton, as at Amiens, Paris, 
in the collections of Dr. Abbott as of those of M. d’Acy, there is, along 
with a certain number of chips and unformed pieces, also a number of 
finished pieces showing careful work, and which could not be ‘ rejects’ 
of fabrication. The most careful and most competent archeologist of 
our country will be unable to distinguish otherwise than by the nature 
of the material the difference between the instruments of Trenton 
(as well as of other parts of the United States) from the pre-historic 
implements of Europe. There is, in this fact, an argument in favor of 
the antiquity of these specimens which will impress pre-historic arch- 
wologists of experience.” 

The fact that other gentlemen entitled to equal credit for accuracy as 
ubservers have sought at Trenton for these implements in 1893 and 
failed to find any, is no evidence that Dr. Abbott may not have found 
them there from 1876 to 1890. The gravel at Trenton speads over and 
fills up a saucer-like depression about three miles in diameter, and from 
35 to 42 feet in depth in the center. That these gentlemen should have 
sought with all care and closeness these gravels in the great sewer 
which has been lately laid through the city of Trenton near the river, 
and have found none of these implements, is no evidence that Dr. Ab- 
bott may not have found them among the acres of gravels 10 to 30 or 
more feet in thickness that have been dug out a mile away from the 
aforesaid sewer by the Pennsylvania Railroad, during a period of ten 
or fifteen years past, to obtain gravel for its road ballast. 

Illustrative of my proposition, [ may cite the depot of Chelles, near 
Paris, where thousands of these implements have been found. It is an 
immense gravel bank, much the same as at Trenton, 20 or 30 feet thick, 
extending over an area of a hundred or more acres in the valley of the 
river Marne. It is located on a railroad, and was used as was the 
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gravelat Trenton, having been dug out and transported as railroad bal- 


last. I visited this station on the excursion of the International Pre-his- 
toric Congress at Paris in 1889, and there listened to an acrimonious 
discussion as to the precise locality in which the respective kinds of 
implement had been found, as for example what kinds were found at 
the top, and what kind at the bottom of the deposit; and it was there 
made apparent notwithstanding that the ten thousand implements 
obtained from that depot, the principal disputants, the leaders of 
opposing schools, those who had devoted their utmost time, care, and 
attention, to the investigation of these implements and the theory of 
antiquity and civilization to be based thereon, none of them had ever 
found these implements in place. M. Boule, himself a noted geologist, 
a close observer, and an ardent investigator, interested in this branch 
of study, makes the same declaration in the last number of the Anthro- 
pologist. As it is made since his visit to the United States, and bear- 
ing upon this discussion, | may be permitted to quote his opinion as to 
the want of value in the objection made that other persons than Dr. 
Abbott have not found these implements when they sought them in the 
Trenton gravels. M. Boule says, in the last number of ? Anthropologie, 
vol. Iv, p. 38, in reporting his visit to the United States during the 
last international geologic congress: 

‘‘T did not myself find any of these chipped stone implements during 
my excursion to the gravel pit at Trenton, but thereis a similar locality 
in the neighborhood of Paris, very rich in implements—in Chelles for 
example—where I have been many times andmy searches have always 
been infructuous ; but the deposit of gravel presents entirely the same 
topographic and stratigraphic disposition of the paleolithic alluvium 
of the north of France and south of England.” 

This proposition will be better understood when the conditions are 
once explained. The depot at Chelles is in the neighborhood of 100 
acres area, 44,000 square feet to an acre, 100 times that to 100 acres in 
surface measure. Ifthe gravel bank be 20 feet deep, it would be twenty 
times that number, 88,000,000 cubic feet of gravel. I have said 1,000 
implements; there may have been 10,000 such implements found at 
Chelles, which, scattered among 88,000,000 cubic feet of gravel, will give 
an average of one implement to every 8,800 cubic feet of gravel. Some- 
times they are bunched so that one may find a dozen in a single pocket, 
or a hundred ina single day, but this only decreases the chances of 
finding them within any specified time. This explains M. Boule’s state- 
ment that a man may stay there and watch the diggers for a week 
without finding a single implement—this too in a gravel bank which 
furnished 10,000 implements. I do not give these figures as exact. 
They are only to serve as illustrations. I do not know that there were 
just 100 acres, and I only speak from remembrance of its appearance 
when I estimate its depth at 20 feet, and I only estimate 10,000 imple- 
ments as having been found there. 

M, de Mortillet has made a similar estimate with regard to St. Acheul, 
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that other great depot of Paleolithic implements which furnished a 
greater number probably than any other in the world; and he has 
shown that the dissemination of the implements through these grav- 
els rendered it very unlikely that any person could find an imple- 
ment in any given length of time. On the other hand, Dr. Capitan dis- 
covered a depositin the southwestern partof France during the summer 
of 1892, of which he said he found an implement or a bit of worked flint 
every ave minutes. It was quite different from this in the workshop 
of Bois de Rocher in Brittany, discovered by MM. Micault and Fornier. 
That was a workshop, and the implements were found all together and 
ina few days’ or hours’ excavation. Consider the comparative scar- 
city of these implements in the Chelles and St. Acheul gravel banks, 
and the comparative scarcity of these implements in the gravel deposits 
at Trenton will not appear strange, nor will the fact that gentlemen 
spend weeks or even months in the search through these gravels in 
what proved a vain attempt to find Paleolithic implements be evidence 
against their existence. Imagine the gravel bank adjoining the Penn- 
sylvania Railroad depot at Trenton, extending by estimate, eastward 
half a mile, a quarter of a mile in width, the gravel 20 or even 30 feet 
in thickness, dug down and thrown into cars upon temporary tracks, 
which are moved each day or each week close into the bank—imagine, L 
Say, this great mass of gravel, amounting to millions of cubic feet, with 
the number of Paleolithic implements said to have been found by Dr. Ab- 
bott, I care not whether we take the smallest number, 40, or the largest 
number 400 or 500, scatter them through this pile of gravel, and then 
consider what would be the chance of a person finding one of these, I 
care not what his ability as an observer, how ubiquitous he was, nor 
with what attention and zeal he tollowed the shovel of the diggers and 
inspected the fine gravel they threw out. I only repeat the sole con- 
clusion intended by this line of argument—that it is no proof these 
implements do not exist in these gravels that other gentlemen have 
sought tor and failed to find them; while Dr. Abbott, who has lived in 
the neighborhood all his life, has been engaged in the search for twenty 
years or more, has invoked the aid and enlisted the co-operation of his 
neighbors, the diggers, and the public in general, and during all that 
time has found only the number suggested, I care not whether it be 
40 or 400. No attempt has been made by anyone to impeach the ve- 
racity of Dr. Abbott in this matter. We must accept his statement as 
to the finding of the implements. The conclusions to be drawn from 
his facts are fair subjests for argument, and I would not pretend be- 
cause we must follow Dr. Abbott’s facts, that therefore we must 
necessarily adopt his conclusions. 
It may be said that in this matter Dr. Abbott has been deceived; 
that the implements to which he has attributed this antiq uity have been 
fabricated, imposed upon him as genuine, when they might have been 


made by the workmen with intent to deceive. This has oceurred in 
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other places. M. Boucher de Perthes himself was sadly deceived in 
several cases, One proof of the antiquity of stone implements, or of 
some of them, is by the patina or weathering shown on the exposed 
surface. Any of the argillite implements from the Trenton gravels 
may be broken and thus show the difterence of color between the in- 
side and the outside. On the outside it is a dull gray, on the inside it 
is shining black; the black color is the natural appearance of the 
stone; this is shown when first chipped; the gray appearance is from 
the weathering, and it has been made by long exposure. 

Evidences of the primitive industry of man have been found in many 
other places of the United States besides Trenton. At Loveland and 
Madison, Ohio, by Dr. Metz; at Newcomerstown, Ohio, by Mr. Mills; 
at Fedora, Ind., by Dr. Cresson, and at Little Falls, Minn., by Miss 
Babbitt. All of these localities have been attacked in late publications 
by disbelievers in the existence of. Paleolithic Man. In order that I 
may be fair in argument, and accept fully the facts according as they 
are found by the observer, it must be conceded that the evidence of 
paleolithic occupation at Little Falls has been successfully assailed by 
the investigations of last summer made there by Mr. Holmes. I have 
upon another occasion complimented Mr. Holmes upon the system, 
thoroughness of his investigations there; and his conclusions, so far as 
they are based upon those investigations, must stand until some subse- 
quent investigator, going over the same ground, shall change the 
facts. I may have disagreed with Mr. Holmes in his conclusions, but 
I concede his facts must stand. 

Some years ago I made an appeal in the form of a circular from the 
Smithsonian Institution, asking for information, which was scattered 
throughout the United States, concerning these objects, and I ac- 
companied this with cuts and engravings of similar objects, some 
from Europe and others from America. I received responses from 
nearly every State in the United States, and many States responded 
with great numbers. I do not propose to follow the result of this 
investigation in all its details, but to say that there was reported to 
the Smithsonian Institution a large number of implements similar 
in every regard to those found in the gravels at Trenton and other 
places, and to those from Western Europe. Many of those reported 
were not Paleolithic—did not resemble Paleolithic unplements—many 
of them were but chips and rude ftlakes—some objects were man- 
ifestly Neolithic; but omit all these, still there was a considerable num- 
ber of implements, representing practically every State in the United 
States, which would correspond in every particular (save in some cases 
material), with those from Europe. These identical implements, had 
they been found in western Europe, and presented before any com- 
mittee of the best archeologists, they would be pronounced Palo- 
lithic. In this connection, I refer again to the quotation made a little 
time ago from M. Boule, wherein he states-the same thing. But these 
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implements were not found in Europe, and their value as evidence of 
Pre-historic Man in the United States has been disputed. 

You will ask what is my conclusion with regard to this matter. I 
conclude that this similarity of such vast numbers of these imple- 
ments from two continents and representing widely separated peoples 
is, as M. Boule has said, “an argument in favor of their antiquity which 
will greatly impress pre-historic archeologists of experience.” It is 
to be taken as serious evidence in favor of Paleolithic Man in Amer- 
ica, as it has proved him to have existed in Europe. But it is only 
a single step in the ladder of pre-historic science; and is to be treated 
more as a working hypothesis calculated to direct attention and stim- 
ulateinvestigation. My conclusion is not announced dogmatically, nor 
will it be defended at all hazards. It is expressed under all reserve, 
and subject to future discoveries. It will have served a good purpose 
if it shall promote the search of the river valleys for these implements, 
cause them to be gathered and saved as of value to science, to note 
well their associations with other subjects to be noted, and to discover 
their material and if possible the original deposit and the place of 
their fabrication. By these means we may hope to arrive at the truth 
concerning these implements and their relation to Pre-historic Man. 
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By HENRY HALEs. 


In January, 1889, I received some ancient pottery from a friend in 
New Mexico. I was surprised to find that so little was known of this 
(lescription of ware among collectors. Nota single piece was seen in 
the New York museums. I met Prof. Frederick Starr in the Museum 
of Natural History, who took much interest in the ware. Referring to 
several works on American antiquities I found fragments of this ware 
illustrated in John R. Bartlett’s personal narrative as boundary com- 
missioner of the United States expedition, 1850 to 1853, which he 
found in the Gila Valley. Although so many fragments had been 
found, the whole ware had been seldom seen. All the information I 
could get about it was very meager. That it was found in the valleys 
and deep in the ground, accompanied by skeletons, also that much was 
broken in getting it out, was all I could hear about it. With these 
few hints I determined to go to New Mexico to observe for myself, and 
gain information regarding this peculiar pottery. My route was by 
the Rio Grande Railroad in New Mexico to Socorro, west to Magda- 
lena. I then struck across the San Augustine plains to the Tule Rosa 
Canyon, which runs west to Arizona, near the heads of the Frisco and 
Gila ri¥ers. 

I found the ruins commenced in Tule Rosa Canyon, which I followed 
for 20 miles, and in two of its branches. All that can be seen to 
indicate ruins is a few loose stones on the surface of the ground, 
scarcely recognizable, which probably accounts for their lying so long 
undisturbed. In most cases I found them where the canyons opened 
into little valleys, with a brook, or, more often, what had once been 
one, but now a dry gully. Between the alluvial levels of these water 
courses and the foot of the mesas or mountains, there is generally a 
slightly rising ground, which appears to be out of danger of floods; 
these were the selected spots for building. The earth is not as rich as 
the lower levels, and is composed of clay, a little sand, and some broken 
stone, with a growth in patches, of pinon pine, junipers, a species of 
small walnut, and, in moist places, very large, tall pines, varieties of 


cacti and yuccas. 
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I found in some rooms very large old dead junipers that were larger 
than the surrounding trees. Some of the ruins are miles from any 
water. They are scattered at short intervals of a hundred yards to a 
mile or more apart in different directions, as the ground lies favorable, 
and at times on higher rising ground. From these conditions it would 
appear that the population was at one time numerous in these valleys. 
I found some extensive ruins on a branch canyon a long distance from 
water. The ruins I excavated in were 60 feet, plainly traceable, with 
appearances of extending 100 feet further, by 117 feet. The 60 feet 
was divided into the widths of three rooms—the first 16 by 20 feet, the 
second 18 by 24, and the third 15 by 18, which, with the width of walls 
2 to 3 feet, made the distance. There were three other rooms which I 
could trace, adjoining the ends of these rooms, as seen in Fig.1, and a 
small middle room 8 by 8 feet, but the walls were not accurately laid 
bare. The outside walls were laid up with roughly hewed stone, worked 
into squares of about 14 inches and about 3 inches thick. Some of the 
partition walls were laid with uncut bowlderstones. The walls were laid 
inclay cement smoothly plastered inside; most of the loose stone on the 
surface was uncut stone. Thedepth of walls was from 5 to8 feet, with 
clay floors at the bottom of rooms. In rooms 16 by 20, on the outside 
wall, were two openings, one apparently each for door and window; they 
were blocked up with rough stone laid without cement. This would 
make it appear that the floors of the rooms were once about the level of 
the earth outside. Below these floors, and close to or under the founda- 
tions, were skeletons of adults, but so far decomposed that only the 
large bones and skulls were generally traceable; very few of these can 
be exhumed whole. Nearly all the teeth are very sound. I found in 
one room two skeletons in a doubled position, partially under the foun- 


_dations, as shown in Fig. 2. There was a hearth made of four long 


pieces of square-dressed stone forming the frame, filled up with cement 
in the mid@le. Under this hearth I found the skeletons of two children. 
There were pots about the beads of the adults. Under the chin of one 
I found eleven shell rings and a turquoise bead. All the skeletons are 
not accompanied with pots; some have nothing with them, while others 
have several pieces; some contain bead necklaces, charred corn, beans, 
pumpkin seeds, fragments of weven fabrics, cord, braids, and human 
hair, ete. Also bone implements in a perfect state of preservation are 
found near the human bones that are so decomposed. The pottery con- 
sists of several kinds; there are the coil pots, as are found in mounds 
and cliff dwellings, but many are of a much finer ware. A red, smooth, 
glossy ware without ornamentation, all of a bottle or vase form. But 
the chief interest centers in the white or rather light gray and black 
ware, finely decorated and glazed. The designs are unique, both in 
form (which is various), and the style of figure in decorating, much of 
which is like steps in endless variety of changes, curves, and lines ina 


‘ maze-like intricacy in some, with geometrical figures in others, but the 
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equally well-distributed balance of color and forms mark this peculiar 
pottery. It is of a rather soft majolica-like material in body, while the 
glazed surface is hard and brittle, but it is thin and light in weight. 
Another ware, red and black, is found in the form of bowls and piteh- 
ers; this differs somewhat from the white and black, and is very fragile. 


I have seen no whole Specimens, but some are easily repaired and be- 
come harder after being exposed to the air for a time. A great many 
bowls are found of-a drab or yellowish-brown color, smooth inside with 
plumbago worked into the clay and made very smooth. These are chen 
found blackened outside from fire, and inside a black chareoal-like dust. 
These were probably cooking utensils. Stone implements are quite 
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plentiful,—metatas, mortars, axes, hammers, and most of the usual ar- 
ticles of the kind, except spear-heads, or war implements, which I did 
notsee. The little obsidian arrow points, very fine and small, are found 
all through the soil; I saw some erude smoking pipes, and two lengths 
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Fig. 17. 


of what appeared to be water pipes; also a bell of bronze similar to Fig. 
44, Sixth Annual Report of Bureau of Ethnology, but having the shoul- 
fice more like the triplet bells, Fig. 43. It is 3 inches long and 2 broad. 
Lalso saw some finely carved small figures of animals not over an inch 
long, of a greenish stone, resembling jade. Some pebbles I found were 
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polished on one or more sides. A few were of black, fine-grained stone, 
which the Mexicans called moist stones, for after holding them in the 
warm hand and using a little friction they feel moist. In some of the 
rooms charred parts of beams of pine were found; all the raw wood had 
undoubtedly rotted away. Many were the speculations of the inhabi- 
tants I heard expressed about the race of people, and why they left, 
none of which gave any solution to the difficulty. It is evident that 
only a very few bodies were buried under the houses, or they would be 
much more numerous after a long continued occupation. It seems a 
great mystery how these buildings became filled up and have fragments 
of pottery through the earth from top to bottom. The earth in most 
localities is quite hard, and can be removed only by a pick-ax. If an 
archeologist had an entire building cleared ont and laid bare inside and 
out, a better solution might be arrived at. 


RELICS OF AN INDIAN HUNTING GROUND, 
IN YORK: COUNTY, PA. 


BY ATREUS WANNER. 


York County is assumed to have been only occasionally visited by 
Indians and reputed to be comparatively barren of relics. In a re- 
cently published history of the county, it is said that— 

“Tt [York County] was, as it appears from the Indian complaints, 
preceding its settlement, a hunting ground, or on the way to hunting 
grounds, nearly all woods. and claimed by the Indians to have been ex- 
pressly reserved for them by William Penn. The original settlers here 
found immense tracts of land entirely denuded of timber by the annual 
fires kindled by the Indians for the purpose of improving their hunt- 
ing grounds.” 

Such a statement concerning the Indian occupation, without calling 
into question its accuracy, is too general and vague. It conveys to us 
no conception of the extent, character, location, and number of Indian 
settlements in the territory. 

Desirous of learning more about these aboriginal settlements, the 
author selected a limited area of the county and then proceeded to care- 
fully search the ground. The object was to ascertain just what evi- 
dences of Indian occupation could yet be found strewn over the fields, 
many of which have been cultivated for more than a hundred years. 
That the search was well rewarded is proven by the number and variety 
of specimens Collected. 

The region selected extends along the Codorus Creek, having a 
breadth of two miles, and a length of six, with the city of York, (York 
County, Pa.,) in its center. The area thus located reaches from the 
forks of the creek, above the city, to two high hills, between which the 
Codorus flows. The surface of the land is undulatory and well watered 
by numerous runs. It is now a thickly settled and highly cultivated 
part of the county. All the relics described in this paper have been 
found along the Codorus and its tributary runs, since 1882. 

All the implements herein described were collected from the surface 


in various fields. 
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Leaf-shaped implements.—Whether the specimens illustrated were 
used as lanceheads or not is, of course, mere speculation. In addition 
to “the absence of a notched or stemmed base or both,” by which Dr. 
Abbott separates lance from spear-heads, these specimens are of com- 
paratively great thickness. The accompanying illustrations will more 
clearly serve to point out the difference between lance-heads and spear- 
heads, whether such differences are enough to warrant the inference 
that they were used for different purposes or not. 


LANCE-NEADS.—(Ialf-size. ) 


Ogre “a i 
Me 


(1) Gray compact sandstone: Leneth, 44 inches; width, 1% ins.; thickness, ~ ins. 
(2) Felsitic rock, purple: Length, 4} ins.; width, greatest, 24 ins. ; thickness, } in, 
(3) Quartz, gray: Length, 3hinches; width, 12 inches; thickness, $ inch. 

(4) Quartz, gray: Thickness, + inch. 


Spear-heads.— All of the specimens illustrated under this head have_ 
bases so fashioned as to provide for the attachment of a shaft, whilst the 
preceding bear no evidences of having been so wrought. Figs. 9, 10, 11, 
12, and 13 may have been used for “fishing spears.” Atanyrate, owing 
to their shape, they would haveanswered that purpose better than any of 
the other stone implements we have found. The shallow Codorus, with 
its generally clear water, along the banks of which all of these slender 
spear-heads were found, must have been a good stream in which to 
spear fish. Only one point, Fig. 12, is represented, though we have a 
number of them, to which we referred when outlining the supposed 
Shape of the basal pieces—6, 9,10, 11, and 13. Figs. 9 and 11 bear 
some resemblance to perforators, but their appearance and better finish 
seem to indicate a different use. Fig. 10 has on each side, just below 
the notch, a row of prominent teeth, a peculiar variation of the usual 
form. Other specimens not described are like the ones illustrated. All 
those described were found in different fields. 
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Arrow-heads.—Several hundred arrowheads have been picked up 
within this area, They seem to be generally distributed over the fields 
adjacent to the Codorus and along all the various runs emptying into 
the same. There are five or six localities where more fragments and 
more whole specimens have been found than elsewhere; but in several 
of these the washing away of the soil and the consequent exposure 
of the stones account for the greater “find.” 


SPEAR-HEADS. —(Half-size. ) 


(5) Slate, purple: Length, 4% inches; width, 12 inches; thickness, @ inch. 
(6) Slate, gray: Width, 2 inches; thickness, % inch. 

(7) Felsitie rock: Length, 34 inches; width, 12 inches; thickness, ~ inch. 
(8) Felsitic rock: Length, 3 inches; width, 12 inches; thickness, 3 inch. 


(9) Felsitic rock: Width, greatest, 14 inchos; thickness, ¢ inch, 
(10) Slate, black: Width, inch; thickness, { inch. 
(11) Felsitic rock: Width, gr., $ inch; thickness, ;*; inch. 
(12) Quartz: Width, 7%; inch; thickness, ;°5 inch. 
(13) Felsitic rock: Width, gr., § inch; thickness, § inch. 


The specimens selected for illustration are samples of the best wrought 
arrow-heads, showing variety in shape. They are far superior in work- 
manship to the average arrow-head. Before one such fine specimen 
can be picked up a dozen or more primitive ones will be found. 

The minerals of which they are made are limestone, slate, quartzite, 
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ordinary white quartz, a felsitic rock, jasper, agate, and chert. The first. 

four of these substances occur within the region; the others do not. 
Were the arrow-heads of the other materials made here, or were they 
brought here already made from elsewhere? We shall refer to that 
question under the head of ‘Stoneworkers’ Chips.” 4 


ARROW-HEADS.—(Full size.) 


(14) Felsitic rock, gray: Length, 22 inches; width, 12 inches; thickness, ? inch, 
(15) Felsitic rock, gray: Length, 23 inches; width, greatest, ¢ in.; thickness, ? in. 
(16) Felsitic rock, gray: Length, 24 inches; width, 12 inches; thickness, 2 inch. 
(17) 


(18) Felsitic rock: Length, 12 inches; thickness, +8 inch; width, + inch. 

(19) Quartz, milky: Length, 13 inches; width, greatest, 8 inch; thickness, }inch. 
(20) Chert: Length, 1} inches; width, ¢ inch; thickness, } inch. 

(21) Quartz, milky: Length, ——; width, 1 inch; thickness, $ inch. 
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ARROW-HEADS.—(F ull size. ) 


(22) Quartz, milky: Length, 12 inches; width, 1 inch; thickness, } inch. 
(23) Quartz, milky: Length, 14 inches; width, 14 inches; thickness, + inch 
(24) Felsitic rock, gray: Length, ——; width, % inch; thickness, } inch. 
(25) Jasper: Length, 1f inches; width, inch; thickness, } inch. 


(26) Fetsitie rock, gray: Length, 14 inches; width, finch; thickness, 4 inch. 
(27) Jasper: Length, 14 inches; width, 1} inches; thickness, } inch. 

(28) Felsitic rock, gray: Length, 14 inches; width, finch; thickness, } inch, 
(29) Quartz, red: Length, if inches; width, 2 inch; thickness, 4 inch. 


(30) Felsitic rock: Length, { inch; width, § inch; thickness, } inch. 
(31) Quartz, milky: Length, inch; width, ¢ inch; thickness, ,%, inch. 
J 


(32) Quartz, milky: Length, # inch; width, } inch; thickness, + inch, 


(33) Quartz; Length, inch; width, 3 inch; thickness, ¢ inch, 
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Knives.—Fig. 35 is a curved and somewhat angular piece of yellow 
‘and red jasper. Along its entire concave margin is a serrated cutting 
edge. It looks as though it had been originally a part Or some larger 
implement and had been rudely chipped after detachment to its present 
shape. 


KNIVES.—(Halt size.) 


(34) Felsitic rock, gray: Length, 5 inches; width, 14 inches; thickness, 2 inch. 

(35) Jasper, yellow: Length, 3% inches; width, — inch; thickness, 4 inch. 

(36) Felsitic rock, gray: Length, 24 inches; width, § inch; thickness, ~ inch, 

(37) Felsitic rock, gray: Thickness, 4 inch. 

The base of Fig. 37 is broad, concave, and not chipped. The rest of 
its margin is chipped to a cutting edge. Fig. 36 is a flake of felsitie 
rock with a somewhat blunt, serrated edge. Fig. 34 has been chipped 
to a remarkably good edge, with the exception of the basal end and a 
small flat area at the convex margin. By placing the forefinger on 
this flat surface and the thumb on the side a firm grip can be had which 
will enable one to make excellent use of the entire concave edge. This 
edge is decidedly the better of the two. We have nothing else from 
here like this specimen, but a knife of chert, from Ohio, in our collee- 
tion resembles it. 

Perforators.—One of these perforators, Fig. 41, of felsitic rock bears 
unmistakable evidences of having been used to drill holes. The point 
is worn smooth and more or Jess even, whilst above it, on both sides, the 
serrated edges are sharp and angular. Figs. 38 and 39 have broad 
bases and can be easily and firmly held between the thumb and finger. 
The points are cylindrical and stout. Figs. 40 and 42 might have 
answered very well for several purposes. Their shape is an excellent 
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one tor drilling holes, yet both are so well wrought as to suggest that 
perhaps they may have been spear- or arrow-heads. The five illustrated 
are the only whole implements of the kind that we have found in this 
region. We occasionally pick up points that are cylindrical, but can 
not of course decide whether they belong to drilling stones or not. 


PERFORATORS.—(F ull size.) 


(38) Quartz: Length, 12 inches; width, greatest, 1 inch; thickness, } inch. 
(39) Felsitic rock, blue: Length, 2 inches; width, 1 inch; thickness, } inch. 
(40) Felsitic rock, gray: Length, 2 inches; width, 2 inch; thickness, + inch. 
(41) Felsitic rock, blue: Length 13 inches; width, + inch; thickness, 2°inch. 
(42) Felsitic rock, gray: Length, 13 inch; width, 4’, inch; thickness, } inch. 


Celts.—Figs. 43 and 44 are so much alike in general outline as to justify 
the opinion that both were designated for the same purpose. Neither is 
pecked or sharpened, but both are chipped. Fig. 43 is made of quartzite 
and is rudely fashioned. The other, of slate, is much more symmetrical. 
The margins of both are very blunt. Hither if sharpened would serve 
every purpose for which Figs. 45 and 46 might be used, and hence with- 
out speculating as to what they were intended for, we have called them 
chipped celts. Fig. 45*, of slate, is chipped and sharpened along the 
lower margin. Fig. 46*, made of trap, is smooth over its entire surface, 
and posesses a moderately sharp edge. There is no evidence of chip- 
ping or pecking, but the entire surface plainly shows that it was worn 
to its present shape by rubbing. Nearly all the celts from the Susque- 


*Tn collection of Mr. George Miller. 


H. Mis. 114 36 
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hanna are chipped and pecked, or if smooth are simply water-worn stones . 


that have been sharpened. The fact that itis made of a very hard and 
tough rock makes it all the more difficult to understand why this 
celt should have been laboriously rubbed to its present shape, and 


CELTs. (Half size.) 
CHIPPED. 


(43) Felsitic rock, gray; Length, 5 ins.; width, greatest, 22 ins.; thickness, 1 in. 
(44) Slate, brown: Length, 42 inches; width, 23 inches; thickness, ? inch. 


PECKED, OR GROUND. 


(45) Slate: Length, 44 inches; width, 14 inches; thickness, } inch. 
(46) Trap: Length, 3 inches; width 14 inches; thickness, } inch. 


also suggests that this specimen may have been used to dig in the 
ground and that the striz on its surface may have resulted from some 
such use. 
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Awes.—The axes as arule are small, with a groove extending around 
the stone. Most of those that come from the Susquehanna, near the 
mouth of the Codorus, where numbers are found, have one ungrooved 
side. Fully three ont of every four are thus fashioned. Moreover, the 


AXES.—/(Half-size.) 


eens ee 


Saga Ty 


(47) Trap: Length, 5} inches; width, 22 inches; thickness, 1 inch; weight, 15 oz. 


(48) Trap: Length, 74 inches: width, greatest, 4 inches; thickness, 2 inches. 

(49) Quartzite: Length, 3}inches; width, 3 ins.; thickness, 1 inch; weight, 8 oz. 
groove often extends obliquely across the stone, yet I have not seen a 
single ax from this region with an oblique groove, and only one (in 
the collection of Casper Louks) that was not grooved entirely around 
the stone. Now, why should the predominating type of a region dis- 
tant only about ten miles, and within easy access, be represented here 
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by but a single specimen? The most plausible inference is that the 
two types were intended for different purposes; probably the axes 
found here were carried about for general use, whilst the heavier 
ones form the Susquehanna, often differently grooved, as stated, were 
designed for some special use as boat-building. One of the axes, 
weighing only one pound (Fig. 47), has two parallel grooves extending 
entirely around. Of course, it is hard to assign the reason for two 
grooves in such a light stone, when other axes weighing much more, 
as Fig. 48, are provided with only one. This ax is slightly battered at 
the back, and has also a small piece out of one end of the moderately 
sharp edge. There is one noticeable difference between the edge of 
this specimen and that of Fig. 48. Fig. 47 bears transverse strie on 
its smooth sides near the edge, which evidently were made in sharpen- 
ing it, whilst Fig. 48 is marked with rather coarse longitudinal striz. 
The latter looks very much as though it had been used as an agricul- 
tural implement and had been scratched through such use. It has a 
blunt edge, and, being of tough and hard material and of a pointed 
shape, would have made a good digging tool. Fig.49 is made of quartz- 
ite. Itis well wrought, and with the exception of a slightly broken 
back, is without a flaw. We were not able to collect many axes, and 
we do not know of more than 14 from the region in question. Of these, 
the illustrated ones are the best specimens. The number found seems 
comparatively large when the circumstances are considered. Axes, 
being conspicuous objects, are amongst the first specimens picked up. 
And in a region cultivated for more than a hundred years, such as 
this, it is quite probable that many of them were found and carried 
away. Moreover, it is the custom of our farmers to collect the stones 
from the fields and throw them into low and waste places. Several 
of the axes were picked up in the public road, where they had been 
thrown into mud holes along with other stones from the fields. Along 
the Susquehanna it is not an unusual thing for the fishermen to use 
these axes, on account of their convenient grooves, as sinkers for their 
fish nets! Of course, whenever the strings with which they are tied 
break, which often happens, the axes will be left amongst the water- 
worn stones at the bottom of the river. 


Hammers.—Fig. 50 is a water-worn and smooth sandstone. It has 
been slightly roughened on each side, near the center, by pecking. The 
marginal area is less smooth than the rest of the surface, having been 
evidently roughened, but not battered by use. The evidences of its use 
by the Indians, whilst unmistakable, are very slight, and show that 
this particular stone was selected because it naturally possessed the 
desired shape. No doubt other worn pebbles were used as picked up 
by the Indians; at any rate, we occasionally find a spherical stone with 
a battered margin that looks exactly like a much-used hammer, only 
there are no pits pecked into it, 
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Fig. 51 is a close-grained sandstone, and was both hammer and polish- 
ing stone. The margin is quite rough and indented from its use as a 
hammer—a use also indicated by the presence of a shallow pit near the 
center of one side. Almost the entire surface of one side, the one shown 
in the illustration, is very smooth. It bears unmistakable evidence of 
having been so worn after the pit had been pecked. The stone is 


HAMMERS.—(Half-size.) 


we 


(50) Quartzite: Length, 44 ins.; width, 32 ins.; thickness, 14 ins.; weight, 13 Ibs. 
(51) Quartzite: Length, 34 ins.; thickness, 2 ins.; width, 3} ins.; weight, 14 lbs. 
(52) Sandstone: Length. 21 ins.; width. 14 ins.; thickness, 14 ins.; weight, i Ib. 


hemi-spherical, and when held in the hand is found to be well adapted 
for polishing purposes—a use also likely to have been suggested by the 
grit of the stone. It is a type common along the Susquehanna. Very 
few hammers have been collected in this region. 

Fig. 52 is a water-worn oval pebble somewhat battered at one end. 
Very rough notches have been pecked into the opposite sides to provide 
for the attachment of a handle. incident to some subsequent use of 
the stone. It was found half a mile from the Codorus, near a spring, 
in a field plentifully strewn with “chips.” Was it a “pogga-moggon” 
stone? 
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Pestles.—Even fragments of pestles are scarce. I know of only one, 
Fig. 53, that has been found whole. It may not be out of place to state 
here the origin of such specimens, as given by one not accustomed to 
collect relics. A very smooth and cylindrical section, about two inches 
long, of a pestle was shown to a farmer, near whose house it had been 
found. He immediately pronounced it a thunderbolt! 


PESTLE. (One-sixth size.) 


53 


(538) Quartzite: Length, 15 inches; thickness, 2 inches. 


Pottery.—We found a few fragments of pottery in four widely separated 
localities. In two of these localities pieces of soapstone, parts of dishes, 
were also picked up. The pieces of pottery, made out of clay and 
broken pebbles, materials easily obtained here, are similar to pieces 
from the Susquehanna. The impressions are evidently of two kinds, 
those made by a stylus of some sort in the hands of the ancient potter 
and those which resulted from the structural irregularities of some 
receptacle within which the plastic clay was first shaped. 


POTTERY, SOAPSTONE DISH. (Half-size:) 
57 


(54) Pottery Fragments: Thickness, 3; inch. 
(55) Pottery Fragment: Thickness, } inch. 
(56) Pottery Fragment: Thickness, 4 inch. 


(57) Soapstone Dish: Thickness, 2 inch. 


Soapstone dishes —Fragments of soapstone dishes were collected iu 
four or five separate localities. The “ear” piece illustrated is one of 
eight pieces found near together and evidently all parts of the same 
vessel. The largest of these fragments is six inches long and eight 
inches wide. The dish originally must have been a foot in length and 
nearly as broad, with a depth of five or six inches, Soapstone is not 
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found in situ in this locality, but it oceurs plentifully in the adjacent 
county of Harford, in the State of Maryland. 


Implements of unknown uses—Fig. 59 has been broken so that its 
original form is a matter of conjecture. However, it is so strikingly 
like another strange specimen (Fig. 58) from the Susquehanna, which 
is entire, that we have no hesitancy in concluding that both were 
designed for the same purpose. Both are made out of chlorite, and are 
not in the least battered. They could not have been used as weapons 
or as agricultural implements, since the stone is very brittle and is 
moreover so soft as to be easily scratched with the finger-nail. These 
are the only specimens of this shape, or of chlorite, that I have ever 
seep from this or adjacent localities. We think they were probably 
used as ceremonial implements. 


IMPLEMENTS OF UNKNOWN USES.—(Half-size. ) 


cS 
x 
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(58) Chiorite: Length, 4 inches; width, greatest, 2} ins; thickness, greatest, lin. 

(59) Chlorite: Length, 34 inches; thickness, 1 inch. 

Figs. 60, 61, 62, and 63, are pieces of slate. The holes in all 
of them were, apparently, made with stone drills, since they are irreg- 
ularly grooved and taper towards the center of the stone from both 
sides. These pieces are so fragmentary as to prevent any attempt at 
restoration. No. 60 is worn quite smooth, with rounded edges, and has 
a slight polished depression extending a short distance from the inner 
margin of each hole along the surface of the stone. This polished 
surface was doubtless produced by a cord passing through both 
holes, from which the slate was suspended. The holes in Fig. 61 are 
polished, the result of friction. 

Figs. 64 and 65 are both well wrought implements. From the care 
with which they have been finished they were evidently designed for 
some special use. They are the only specimens of the kind that we 
know of from this locality. They might have been used as teeth in 
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war-clubs, but whether they were so used or not is of course mere 
speculation. Among our implements of unknown uses, perhaps the 
most interesting and valuable one is Fig. 66. So far as I have been 
able to ascertain, it is the only one that has thus far been found. It 
is a triangular prism of slate, with sides three fourths of an inch wide, 


IMPLEMENTS OF UNKNOWN USES.—(Half-size.) 


(60) Slate, black: Width, 22 inches; thickness, $ inch. 
(61) Slate, brown: Thickness, 4 inch. 

(62) Slate: Thickness, ;; inch. 

(63) Slate: (Split). 

66 


2 Og Seaton stewing hole, 


SC: Side b use ator 


(\ 


ele 


(64) Felsiticrock: Length, 2{ inches; width, greatest, 14 inches; thickness, ginch. 
(65) Felsiticrock: Length, 3} inches; width, greatest, 14 imches; thickness, } inch. 
(66) Slate, brown: Width of each side, % inches. 


originally about 5 inches long, and having at each end two holes that 
meet. The one hole is bored with a slant of about 45 degrees (see 
section «) from near the end of one side till its junction with a hole 
bored from the end of the prism. The other end of the specimen, 
though much broken, was evidently fashioned in the same way. The 
holes are funnel-shaped and are such as would be produced by a stone 
drill. ‘Two sides of the prism bear symmetrical scratches, evidently 
once of some significance, now in part defaced by wear and in part by 
the ancient use of the stone for whetting purposes. 
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Fig. 67 is a gneissoid rock, very rudely flaked and somewhat pecked. 
It is hard to conjecture to what use it may have been put, though 
there is no question about its having been worked into its present 
shape. Fig. 68 is made of green slate. It is either an unfinished 
implement, or if completed, a very rudely fashioned one. The fact 
that it is made of slate, as well as its shape, incline us to call ita 
banner stone. 


IMPLEMENTS OF UNKNOWN USE—(Half size.) 


(67) Slate: Length, 5 inches; thickness, 1 inch. 
(68) Slate: Length, 6 inches; thickness, 12 inches. 
Pr 
Stone Worker's Chips.—F lakes of felsite rock, of jasper, and of agate, 
are found well distributed along the Codorus and its tributary runs. 
The fact that the rocks of which these flakes are pieces are not natu- 
rally found here is very significant. The presence of these “chips” 
proves that implements were here wrought out of the rough stone into 
desirable shapes. But these minerals, felsite rock, jasper, and agate, 
are not found insituin this region. The felsite rock occurs fully thirty 
miles distant, in the South Mountain. Where the agate and jasper 
were brought from has not been determined. Occasionally flakes of 
white quartz cover a small area in a field containing in another part a 
spot rich in flakes of felsitic rock. The presence of such spots seems 
to indicate that each ancient stone-worker confined his labors to chip- 


ping a particular mineral. 


Conclusion.—Just what conclusions as to the Indian occupation of 
this part of York county can safely be drawn from the number and 
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variety of specimens found is not so easily determined. One thing is 
certain, that as the result of persistent search, almost a complete 
‘¢series” of relics has been collected. Though the author found nearly 
all the objects here illustrated and described, yet any one else, had he 
as thoroughly and persistently searched the same region, would have 
been equally successful. This is proved by the fact that several others 
(Casper Loucks, George Miller, and John J. Frick) interested in the 
subject have found specimens in the same territory. The discoveries 
here made lead us to infer that other places, in the eastern portion of 
the United States, now thickly settled, would be just as productive 
of specimens. We do not believe that this region is more favorable 
to the production of relics than other localities similar in natural 
features. Attention is called to a few difficulties that beset the care- 
ful searcher. Fields that now yield few relics may have them deeper 
down. The building of dams has materially changed our streams. 
Places that once were high and dry on the bank are now covered by 
every freshet. As a consequence, the sediment has accumulated, and 
the relics have been buried beyond the reach of the plow. Occasionally 
a field is washed bare of all the loose soil. In that event, you can not 
reasonably conclude that the number and variety of specimens found 
there indicate a more dense settlement than elsewhere. Taking these 
and other circumstances into consideration, in connection with the 
relics found, the author believes that this region was oftener frequented, 
and longer occupied, by larger bands of Indians than the historian 
leads us to infer. This place may have been the site of a well estab- 
lished settlement; a settlement in which much the same primitive occu- 
pations were engaged in as characterized well-known and more exten- 
Sive settlements along the Susquehanna. If this region is an average 
sample of supposed ‘“‘ barren” lands, may we not conclude that America 
was more thickly settled, or longer inhabited (perhaps both), by the 
Indian than is generally supposed ? 


_ soil after the removal of the forest had 


_ ABORIGINAL BURIAL MOUNDS, EDEN TOWNSAIP, SENECA 
COUNTY, OHIO. 


By RUSSELL J. THOMPSON. 


These mounds, three in number, are, or were, located about 4 miles 
east of Tiffin (NE. 4 of section 4, township 1 north, range 15 east. 
Eden Township, Seneca County, Ohio, and on the west side of the 
Morrison State road where it crosses Rock Creek). (Map, Fig. 1.) 

Concerning their origin, the Mohawk * Indians then inhabiting that 
section could give the settlers no information. The Indians had no 
theory or tradition accounting for the presence of the landmarks. 
Large forest trees covered these monuments then, and among them 
were cherry trees 20 inches in diameter. Before the cultivation of the 


altered the proportions of the mounds, 

they were well rounded, and the largest . 

was perhaps 6 feet or morein height and 
about 40 feet in diameter. Two, the i 
largest and the smallest, were near each | X. 
other on the south side of the stream. | Ne F 


(See map.) The former was slightly 
less than,an eignth of a mile from the - 


_ bank, a the smaller one about half — _ Fie. 1. 


that distance. The third was on the other side, about as far as the lat- 
ter from the creek and a third of a mile from the largest. It was but a 
short way beyond the culmination of a gentle rise of about 25 feet above 
the creek valley. The banks on the south side were rather steep and 30 
to 40 feet high. The large mound was located on the rounded border 
of an elongated depression tributary to the creek. 

The mound on the north side of the creek was crossed by the fence 
dividing the read from a modern graveyard, and when a grading was 


made, not long prior to 1886, for the convenience of standing teams 


driven to the church, human remains were unearthed on the roadside 
of the fence. The other half probably still remains intact. 
In 1886, the ground over the site of the smallest mound was on a 


~The cae Bobobited the region to the north and the i vandots that t to the 


south. 
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level with the general surface. It was tentatively excavated by one 
who had seen it before being plowed down and a small excavation, 
made in search of the charcoal and ashes, whose presence would con- 
firm the hypothesis of position, discovered human remains. These 
however had been once exhumed and were reinterred in a confused 
heap. They were preserved by the writer, but no further search was 
made then. It was at the largest of the mounds, and the one least dis- 
turbed, that the systematic, though partial exploration was under- 
taken. This was in the summer of 1886, and then the mound was 
hardly, if any, more than 4 feet above the general surface, and 60 feet 
in diameter. (Fig. 2.) Hurried excavations brought to light the 
charcoal and ashes, clean shells, broken bones of animals, and broken 
pieces of primitive dark pottery. Another unorderly opening resulted 
in the discovery of the two smaller human skeletons, but they were 
not secured entire. The skull of one of these ‘‘ individuals” probably 
remains in the mound.* 
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Fic. 2.—View of largest mound, looking southward. 


Human remains were found in all of these. The largest mound con- 
tained three skeletons (Fig. 3) that were uncovered, and a complete 
excavation might be expected to reveal more. 

Feasting accompanied the interment. Fires were built on the un- 
completed funeral pile, with which meats were cooked. Good sized 
pottery vessels were brought to the grave, probably for use in the 
feasting, and at least some of them were either accidentally or inten- 
tionally demolished and the fragments seattered with the ashes 
and charcoal and broken bones of animals over the half-built mound. 
The fires were probably burning during the burial. The feasters en- 
joyed the meat of the deer, beaver, raccoon, squirrel, hare (2), turtle, 
birds, fish, and clam. The marrow was a much relished portion of the 
meat; every bone was broken so that the marrow was uncovered. The 
need of something with which to accomplish this breaking may account 
for the presence of moderate sized limestone bowlders a few feet apart 


*This description well illustrates the detriment and sometimes irreparable dam- 
age to science arising from ill-informed opening of mounds. A mound once dis- 
turbed is valueless to science. Its evidence as to the life history of its constructors 
is destroyed. Circular 49, issued by the Smithsonian Institution, No. 730, explains 
this and contains directions for mound and caye explorations, 
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among the ashes and other stones of the size of a fist in great abun- 
dance. 

A foot or two of earth was spread over all this charcoal and ash 
layer. The soil of the structure was even, light, and easily worked. 
The hard unmolested clay was 4 feet: or so below the top, as the 
mound existed after the field had been under modern cultivation. A 
slight excavation was made in this hard soil to receive the remains. 


Fic. 3.— Excavations of largest mound. (See map.) 
About 60 feet in diameter, 44 in height. 


The heads were laid to the northeast and the bodies flat and straight 
on their backs, at least so with the largest and what may be called the 
principal skeleton. This body lay furthest to the northwest and, a 
few steps from the center. Nothing whatever of a durable nature in- 
closed the remains. A few pieces of charcoal were found under the 
bones of the principal corpse. These, an elegant pipe (Fig. 4), and a 
few canine jaw fragments and fragments of the jaws of some small 
carnivorous animal, were the only objects found with the skeleton. A 
bone turkey call, 3 inches long, and artificially grooved on both sides 
at the end, was found on the ground about one of the skeletons. The 
jaw fragments were laying beside the right shoulder; the pipe was on 
the same side next to the neck vertebre. The condition of the bones 
of the principal individual gave no evidence of violence having been 
inflicted upon his body. 

At the time of the excavations, the charcoal jayer was met from a 
foot or two feet beneath the surface. The fragments of animal bones 
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and pottery were scattered promiscuously, with the ashes and char- 
coal patches, through a vertical range of more than a foot. The lime- E 
stone bowlders were about 6 inches in diameter, and lay with a rude 
uniformity a few feet apart throughout the layer. The underlying 
rock of the section is limestone (cornstone), the boundary between the 
outcrop of this and the water line is near, and the southwestward 
moving glaciers have made this element strong in the drift products of 
the country. 

In the chareoal layer the most numerous bones were those of the 
deer. A good number of only partially 
broken lower jaws were found, and a few 
decayed horn fragments. Several speci- 
mens of fragmentary beaver skulls, retain- 
ing the teeth, and a few raccoon jaws, are 
in the collection, but some of the clam shells 
were not broken; these showed the effect of 
fire. 

Making exception of the two small pot- 
tery pipes unearthed from the charcoal layer, 
no entire specimens of pottery were discoy- 
ered. The pottery was rude, blackish, and 
gritty. Minute feldspar crystals formed 
part of the material. The surfaces were 
roughened by perpendicular striations which 
could be imagined to have been impressed 
by bark. By projecting the curve of one of 
the rim fraginents, the opening of the jar of 
which it was once a part, was found to have 
been 8 inches in diameter, A dark bluish 
or greenish slate, hard, tough, and fine, was 
the material of which the large pipe, buried 
with the largest skeleton, was made (Tig. 4). 
It is the same stone as that from which 
most of the fine mound ornaments were cut. 
Erosion revealed a kind of enamel, perhaps 
due to chemical action on the surface. The 
erosion occurred where the stone had been 
stained, presumably by the acids of the dead 
body. The finish was excellent. The form 
might suggest that the maker had intended 
the relic for a phallic emblem. The pipe is 

Poe an oa 33 inches inlength. Little difference in size 

a, end view; b, side view. between the individual interred in the “ ley- 
elled mound” and the principal male buried in the large mound, was 
Shown by the remains. The bones of the two skeletons to the south- 
east of the latter were perceptibly lighter, 
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These bones were found in the center and a little more than 4 feet 
below the top. Not satisfied with this method of proceeding, the 
writer himself soon after spent three days in the field. A narrow 
trench was made to approach the mound until the charcoal was reached, 
and then with a width of 3 feet was extended to the center (Fig. 3). 
After the earth had been carefully removed from over the body, an 
entire afternoon was occupied in picking out the bones, Their condition 
was such that even then a number were broken. The occiput fell 
apart when the skull was lifted. The lines of fracture indicated a 
recent breaking. 


INDIAN REMAINS ON THE UPPER YELLOWSTONE.* 


By Col. Wm. 8S. BRACKET?T, 


If you look on almost any large map of Montana and Wyoming you 
will note the source of the Yellowstone River near a mountain marked 
on the map as ‘‘Youth’s Peak,” and lying about 25 miles southeast of 
the Yellowstone National Park. The river flows from an immense 
snow-field on this mountain, in a northwesterly direction, and empties 
into Yellowstone Lake, which lies wholly within the park; then it 
flows out of the lake at the lower or northern end and leaping down- 
ward a sheer depth of 360 feet, over the Great Falls of the river, it 
rushes still northward for a hundred miles—one of the most beautiful 
streams of the Rocky Mountains. The real name of the mountain where 
the Yellowstone rises is Yount’s Peak, so called after a trapper who 
lived for a long time along the banks of the river in the early days of 
Montana’s settlement. Perhaps the fine new maps of this region now 
being made by the United States Geological Survey will not rob 
Yount’s Peak of its true name. 

About 25 miles north of the park is a widening of the valley of the 
Yellowstone, where there are a number of fine ranches, and on one ot 
them, opposite Emigrant Peak, where I am writing, there are interest- 
ing remains left by the Indians who lived and hunted in this now fertile 
valley As late as the year 1876. 

Just above our ranch house is a mesa, or tableland, from whose flat 
top can be seen the green fields under irrigation along the river, and 
the lofty mountains hemming in the valley on every side. Only ten 
years ago there were no cultivated fields in this valley, and the elks 
and buffaloes found here their favorite feeding ground. The plain on 
this mesa is almost rectangular in shape, and at the corner, overlook- 
ing the whole region, are stone structures that we have named the 
‘Indian Forts.” We donot know whether the Indians, who undoubtedly 
built them, used them as forts for defending their village or camp up 
on the mesa, or whether they were used as watchtowers for their sen- 
tinels. Sometimes we think the Indian hunters used them to creep 
into and to spy out the large game feeding among the hills and in the 


valley below. 


~*From The American Field, Feb. 11, 1893, vol. Xxxrx (No. VI.), pp. 127, 128. 
BT 
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These forts are semicircular in form, and are built of selected square 
stones, piled up in a parapet or breastwork about four feet in height. 
They are open on the inner side of the plateau, and have space for two 
or three men to lie concealed and protected within. The forts must 
have been built many years ago because the stones are now pretty well 
covered with moss and lichens, and these do not grow as rapidly in 
this dry climate as in the Eastern States. No one is permitted to dis- 
turb these monuments of axrace now almost departed, and I hope that 
some careful student of American archeology may hereafter explore 
this region and explain the ancient use of these so-called “Indian 
Forts.” 
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Fig. 1,—The Indian forts, Park County, Montana. 


Just below one of the forts and at the bottom of the cliff I found, last 
suminer, a buffalo skull and horns, over-grown and almost concealed by 
a wild rosebush. Perhaps the buffalo was shot by an Indian lying in 
the fort above. This made me think the forts might have been used 
for watching large game. But when you are up on the mesa you can 
easily see how well adapted the place is to prevent surprise and for 
military defense. The sides are perpendicular precipices of voleanie 
rock. At only one place can you go up on horseback; there are only 
two or three places where you can climb up on foot. On the level top 
a thousand men could be placed in camp. The forts may have been 
used, like watchtowers on the corners of a feudal castle, by the wild 
Priv anty, once inhabiting these mountains. 

About half a mile from this mesa is a little sheltered valley, back in 
the foothills, where the Indians used to pass the winter one of the 
pioneers of this region tells me. The place is sheltered from the winds 
aud the snow seldom drifts there. In a level spot in this valley are 
three circles of smooth flat stones laid on the ground, each circle being 
about 15 feet in diameter. Washed by the rains of many seasons, 
these stones are how partly imbedded in the ground. We do not know 
exactly the purpose of these water-worn rocks laid so regularly in cir- 
cles, but one of our neighbors, an ‘old timer” in Montana, tells us the 
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Indians used them in winter to lay around the bottom or lower edge of 
their tepees to keep out the cold. Most Indian tepees are conical in 
shape and circular at the bottom, with a hole at the top where the poles 
meet for the escape of smoke from the fire built in the center of the 
structure. In the old days, when the buffalo and other large game 
were plenty, the Indians made their tepees of smoke-tanned hides. 
Now the butfaloes are entirely gone, and other large gaine is so scarce 
on the Indian reservations that the tepees are covered with cloth, gen- 
erally thin white calico. The Indians have but few skins left and their 
calico tepees are very cold in winter. 
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Fig. 2.—Tepee rings, Park County, Moutana. 


The most interesting of the Indian remains on our ranch is at Buf- 
falo Bluét, where there is a remarkable game drive. Under the eliff, 
‘which is about 40 feet high, the ground is white with the splintered 
bones of large game animals that have been driven over the precipice— 
buffaloes, elks. and deer. Above is a level plain stretching back for 
several miles inte the foothills. The cliff is only about a hundred 
yards wide at the steep part where the game was driven over. How 
did they manage to make wild animals run to this narrow cliff and 
leap over? You can see at once how this was accomplished when you 
climb to the plain above. There can be seen two long lines, composed 
of piles of stones, stretching out on the plains, each line about half a 
mile long and diverging from the edge of the cliff like the two arms 
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of an open fan. The piles of stones are about 10 feet apart and each 
stone heap is 2 or 3 feet in height. When the Indians last. used 
this game drive, which was about fifteen years ago, they set up wooden 
stakes about 4 feet long in each stone pile. From stake to stake 
were stretched lines of stout buckskin cord, like wires on a barbed 
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Fig. 8.—Ancient game drive in Park County, Mont. 


wire fence, and from these cords were hung at short intervals feathers 
strips of bright cloth, and seraps of white buckskin, fluttering in the 
wind. Of course this fence could be easily broken through, but the - 
frightened animals always turned back from the fluttering rags 
feathers, and other objects hanging from the long lines of cords. 
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A heard of buffalos or deer was carefully surrounded by the Indian 
hunters, and then gradually driven toward the opening of the drive, 
which was over half a mile wide. Once within these lines, the hunt- 
ers drove the herd toward the bluff, waving their blankets as they rode 
forward. The terror-stricken animals rushed toward the precipice, 
keeping away and turning back in fright from the lines of “fence,” 
which gradually converged toward the cliff. At last, in a wild stam- 
pede, the frantic animals were driven over the edge of the precipice, 
where those who were not killed outright were dispatched by another 
party of hunters below. Only spears and arrows were used below the 
cliff, because the noise of firearms would frighten back the animals 
approaching the edge of the bluff. Among the mass of crumbling 
white bones beneath this Buffalo Bluff (as it is called here), where so 
many wild animals have been slaughtered, you can to-day oceasion- 
ally find spear and arrow heads, beautifully formed of shining black 
obsidian, or volcanic glass, the material being found in large quanti- 
ties on the great plateau of the Yellowstone National Park. 


PRIMITIVE NUMBER. SYSTEMS. 


By Levi lL. Conant, Ph. D 


Among the speculative questions which arise in connection with the 
study of mathematics from a historical standpoint the origin of num- 
ber is one that has provoked much discussion and has led to extensive 
research among the primitive and savage languages of the human race. 
A few simple considerations will however show that such research 
must necessarily leave the question entirely unsettled, and will indi- 
cate that it is, from the very nature of things, a question to which no 
definite, or at least no final, answer can be given. 

Among the barbarous tribes whose languages have been studied, 
even in a most cursory and imperfect way, none have ever been dis- 
covered which did not possess one or more words indicating familiarity 
with the number concept. Some tribes have been found in which 
knowledge of number was so slight that the statement has been inade 
that their language contained no numerals. The Chiquitas, of South 
America, for example, have no word even which we can accept as a 
distinct substitute for “one.” That numeral they express by a word 
meaning nearly the same as “alone.” Here the number sense appears 
at its lowest ebb, but still it does exist; and going lower yet, one 
would be rash, indeed, if he were to assert that the higher animals 
can not distinguish between 1 and 2. Not a few tribes have been 
found who could not count beyond two; more yet with 3, 4, or 5 as 
their number limit, while 10 marks the boundary of the numeral sys- 
tems of a very great number of the primitive races of the world. The 
assertion would seem then to be a safe one that the number sense is 
never wholly lacking. It is evident also that numerals must be among 
the earliest words to be formed in any language. ‘They express ideas 
which are wholly concrete, which precede human intelligence, and 
which are in many ways manifested by the higher orders of the brute 
creation. The origin of number therefore must be conceded to lie 
beyond the proper limit of inquiry, and the primitive conception of 
number to be fundamental with human thought. 

Historical investigation must begin not with number itself, but with 
modes of expression of number, Here, ii precisely the same manner 
as in the expression of all forms of thought, desire, and emotion, the 


sign language preceded words. We are all familiar with the manner 
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in which a child when learning to count makes use of his fingers. 
Children have for ages done the same; and the children of the human 

race, the savages of pre-historic times, unquestionably counted on their 
ten digits just as the African, the Eskimo, and the South Sea Isl- 
ander do to-day. So universal has the finger method of counting 
always been that many investigators, prominent among whom is 
Grimm, have laid it down as an axiom that all numeral words arise 
from names of the fingers of the hands. Savage races employ, as 
might be expected, a great variety of methods of recording their count- 
ing—as splints, pebbles, shells, kernels of grain, knots, ete. Then 
come simple scratches, notches att in a stick, Robinson Crusoe fash- 
ion, and other similar devices. But back of all these, and forming a 
common origin to which all may be referred, is the universal finger 
method of counting, the method with which all begin, the method 
which is too convenient to be entirely relinquished, even by civilized, 
races. 

This universal recourse to the fingers often resulted, as: might be ex- 
pected, in the development of a more or less extended pantomime 
number system in which the fingers were used in much the same way 
as in the deaf and dumb alphabet, though the signs actually employed 
were very different from those employed by mutes. A system of this 
kind was much in vogue among the ancients, by means of which any 
number up to 10,000 could be expressed: wnits and tens by inflections 
of the fingers of the left hand, hundreds by similar inflections of the 
fingers of the right hand, and thousands by a repetition on the left 
hand of the signs used to denote units and tens. The Chinese still 
employ a finger method of expressing numbers less than 100,000, and) 


among nearly all Eastern peoples a digital arithmetic of one sort or: 


another is to be found. Of so common use is this sign language that: 
traders are said to communicate to each other the price at which they; 
are willing to buy or sell, and at the same time to conceal their offers 
from bystanders, by putting their hands under each other’s cloaks and 
touching each other’s fingers. 

Recent anthropological research has developed many interesting 
facts respecting the limits to which the number systems of the various 
uncivilized races of the world extend. As a matter of course, all races 
can indicate numbers as high as 10, the fingers serving as a means of 
showing what they have no words to express. In nearly all cases we 
find this limit extended to 20, the second 10 being told off on the toes, 
or on the fingers of a second man. But Savages have in very many 
instances no, wor ms for numbers higher than 2,3, or 4. The Botocudos 
have no definite number beyond 1. For 2 aap say ‘“‘uraht”, many. * 
The Puris and the Watchandis stop at 2. The former express 3 by 
‘*prica”, many, and the latter express the same number by the combi- 


otic “he 
nation a 1.+ The Andamans have se! two numeral morass though, 
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they count as high as 10 by means of their fingers.* Ten they express: 
by their word for “all.” The Bushmen have the same number limit, 
expressing any number greater than 2 by the equivalent word for 
“many.” The Veddas of Ceylon count “ekkamai,” 1, “dekkamai,” 2, 
and then continue by repeating again and again the word “otameekai,” 
meaning “and one more.” t 

Numerous as are the instances in which two stands as the number 
limit for savage tribes, three is thus used still more frequently. The 
New Hollanders have no names for numbers greater than three.t_ The 
low forest tribes of Brazil commonly express any number greater than 
three by their equivalent for ‘“many.”§ The Australians of Herbert, 
River do the same.|j The Fuegans are supposed to have counted tfor- 
merly to ten, but at the present time their entire number system is com- 
prised in the three words: “kaoncli,” 1; ‘‘compaipi,” 2; “maten,” 3.** 
The Campas, of Peru, count: “patrio,” 1; “pittem,” 2; “mahuimi,” 3. 
Beyond this they can express no number except by some such expres- 
sions as 1 and 3, 1 and 1 and 3, ete., showing the total indicated by hold- 
ing up the proper number of fingers. As a definite number anything 
beyond ten is to them inconceivable, and they refer to it as “to haine,” 
‘“many.’tt The Australian tribe of the Wiraduroi have no numerals 
which enable them to count beyond 3. With them four is “many,” and 
five “‘very many.” Almost exactly the same statement may be made of 
the Dippil, the Kamilaroi, the Adelaide, the Turrubul, the West Aus- 
tralia, the Encounter Bay, the New South Wales, and the Tasmania 
tribes.it Some of these indicate four by expressions such as “two-two,” 
or “two pair,” and five by “two-three,” or “two-two-one.” The Encoun- 
ter Bay tribe uses an analogous reduplication for six even, saying 
“kuko-kuko-kuko,” that is, “‘two-two-two.” The Yaucos, of the Ama- 
zon, express the number three by the astounding word “ poettarraror- 
incoaroac,” at which La Condemaine duly remarks :§§ “Happily for those 
who have dealings with them, their arithmetic goes no further.” 

The general limitation of the number sense existing among the low 
races of the world now begins to become apparent. Specific words exist. 
for one, two, three, etc., and beyond that anything is ‘‘many.” The en- 
tire number system of a tribe may be “one,” “many,” or it may be ‘one, 
two, many.” More numerous yet are the cases where the counting goes. 
one step farther, and gives “one, two, three, many,” as the scale through 
which the savages’ number sense can conduct him. In the same way 


*Miiller: Grundriss der Sprachwissenschaft. B.1v, p. 47. 

t Dechamp’s L’ Anthropologie, 1891, p. 318. 

t Tylor Primitive Culture, vol. 1, p. 243. 

§ Op. Cit., p. 242. 

|| Lumholtz, C., Bulletin de la Socité @ Anthropologie de Paris. 
** Op, Cit., 1887, p. 340. 

tt Weiner, Perou ct Bolivie, p. 560. 

tt Miiller, Grundriss der Spr., B. 1v., Abteilung 1, multa loca. 
§§ Voyage de la Riviere des Amazons, p. 64. 
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we might expect to find the cases where counting stops with four more 
numerals than those where three is the limit, just as three is a much 
more common limit than two. Such is not the case, however. Investi- 
gation shows that if counting extends beyond three, it is almost sure to 
reach five, the commonest limit among races whose number sense is very 
weak. A few instances have been found where tribal numerals extend 
to four without going beyond that point. The Tupis, of South America, 
have only the four numerals “oyepe,” 1; “mokoi,” 2; “‘mosapira,” 3, and 
“erundi,” 4.* The Australians, of Lake Macquery, have no numeral 
beyond “woran,” 4, except the indefinite expression ‘“kanwol-kanwol,” 
which signifies “great-great.”| The Tasmanians also have four as their 
proper number limit, but they have a compound expression, ‘‘pagan-a- 
mara,” 4+ 1, which they use for five.t A few other instances of the 
same limit are given by various authors, but they must be received with 
great caution. If a savage can count to four he is practically certain 
- to extend his system one step further, and to make his scale contain 
the number of steps which corresponds to the number of fingers on one 
of his hands. 

This brings us again to the consideration of the relation existing 
between the hand and its fingers, and primitive counting. Three com. 
mon number limits are found among savage races, 5, 10, and 100. A 
savage counts on his fingers until he reaches 5, and then he often 
stops, Saying merely “‘many,” for any greater number. With a slightly 
higher degree of intelligence, or with an environment calling for more 
extended use of the number sense, others go on from this point, 
counting now on the fingers of the other hand. As a number limit 10 
is used almost as commonly as 5; and it is no infrequent thing to find 

-the toes as well as the fingers made to do duty as counters, thus 
bringing the total up to 20. The last named number is rarely the limit, 
however. Ifa savage can count to 20 he is usually able to go on to 100, 
and often to 1,000. 

The manner of counting just indicated has given rise to a peculiarity 
in the names of certain numerals which must not pass unnoticed. 
Counting as he does, the savage, on reaching 5 says, not unnaturally, 
“one hand.” At10he says, following the same anology, “both hands.” 
At 20, having completed the tale of counters which Nature has placed 
at his disposal, he says, “one man.” Though by no means universal, 
these names for 5, 10, and 20 are so common in all parts of the world 
that specific examples of them need not be given. We also find 6, 7, 
etc., often expressed by “hand one,” “‘hand two,” or “one on the 
other hand,” “ two on the other hand,” ete.; and 11, 12, ete., by “one 
on the foot,” “two on the foot,” ete. So frequently are these equiva- 
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lents found that they are recognized by competent authority as under- 
lying one of the most common of the methods of numeral formation.* 

In a consideration of the subject of primitive number one thought 
must be kept prominently in mind. Savage races may have numerals 
by means of which they count to 5, 10, 20, 100, or even 1,000, beyond 
which they rarely venture. But it by no means follows that, after 
passing beyond the very smallest, they have any exact notions of the 
numbers they are using. As long as they ean check off on the fingers, 
or by means of pebbles, sticks or shells, they undoubtedly have a fairly 
distinet idea of the totals they name. But want of familiarity with 
the use of numbers, and lack of any convenient means of comparison, 
must result in extreme indefiniteness of mental conception, and must, 
when recourse can not be had to counters of some kind, inevitably 
give rise to great vagueness in the use of numbers. This has been 
noted and commented on by many observers, Humboldt among them, 
who remarks ¢ that he never met an Indian who on being asked his 
age would not answer indifferently 16 or 20. 

The statement has been made above that tne number systems of 
Savage races rarely, if ever, extend beyond 1,000. A single observa- 
tion respecting the development of the systems of civilized races may 
not here be out of place as showing of how universal application is this 
statement. The number systems of the civilized world to-day are of 
unlimited extent. But we need go back but a few centuries to find a 
time when our own systems were as diminutive as are those to which 
reference has just been made. Although in response to the demands 
of commerce and science our English system has been brought to its 
present elastic condition, the evidence of language shows conclusively 
that our Teutonic ancestors stopped at the same limit that has been 
named as the maximum for savage tribes. The higher numeral words 
of our language, million, billion, trillion, etc., are all borrowed words; 
while the word thousand is pure Saxon, like the words one, two, three, 
ten, hundred, etc. The German, the Scandinavian and other languages 
have borrowed their higher numeral words, and the same statement 
is. probably true of the French. Other languages, like the Chinese, 
Sanskrit, Aztec, ete., contain only native numeral words; but however 
high these systems may be found to extend, there can be no doubt that 
they were at one time limited to a single thousand, and perhaps less. 
In this connection it is instructive to observe the number limits of the 
half civilized nations of the present day. The tribes of Arabia, the 
Persians, the Abyssinians, and most of the North African peoples have 
number systems terminating with eleph or alph (1,000). The Lapland- 
ers and the Erse have no words higher than zhioette and ciad, respec- 
tively, each of these words signifying 100. In ancient times the Latins 
were content with mille (1,000), and the Greeks with pops (10,000), as 
their number limits, and the Malays of to-day with ribou, also meaning 
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1,000. In general it may be said that in the childhood of any race the 
number concept is weak and the number system is correspondingly 
limited. As civilization develops the number sense and the number 
system are extended accordingly. To this law some remarkable ex- 
ceptions have been noted, but they are exceptions and do not in the 
least invalidate the rule. 

Respecting the bases used in the number systems of the various lan- 
euages of the world, no full and comparative account has ever appeared 
in English. From the earliest times in which arithmetic began to assume 
the dignity of a science and its history to receive serious attention, it has 
been handed down as a tradition, the truth of which was never ques- 
tioned until recently, that all races throughout the world used in their 
computation the decimal system. Aristotle indeed mentioned one ob- 
seure Thracian tribe which was said to reckon with a different base, but 
he seems to have regarded this solitary instance as the exception which 
proved the rule, for he taught that the universality of the decimal sys- 
tem proved it to have had its origin in nature. This tradition was for 
centuries accepted as true without question, and the naturalness of the 
decimal system was argued from the fact that the number of counters, 
the fingers, with which nature had equipped man, was ten. But the 
last three or four centuries have brought to the knowledge of civiliza- 
tion a multitude of tribes hitherto unknown, and among them a very 
great number have been found to use systems having some base other 
than 10. It was also pointed out by Peacock* and others that 10 was 
not the only natura Inumber base—that, as 5 was the number of fingers 
on one hand, and as 20 was the number of fingers and toes combined, 
either 5 or 20 constituted a base in all respects as natural as 10. Hence 
the use by any race of either of these numbers for that purpose could 
constitute no ground for surprise. Peacock indeed mentions many ex- 
amples of Indian, negro, and Mongolian tribes, among whom such bases 
are actually used, and his list can now be enormously increased, so great 
has been the energy and activity displayed in anthropological research 
during the last half century. That 10 has been, and is, the practically 
universal base of the world’s number systems is indisputably true, but 
to this general law the list of exceptions has been found to be so great 
that a brief consideration of the subject seems desirable. 

Of all the numbers capable of use as a system base, 12 presents the 
greatest number of practical advantages. We have, through the 
familiarity which custom has produced, become so accustomed to the 
use of 10 in that capacity that the assertion just made seems unwar- 
rantable. But a moment’s reflection will show that the ten fingers of 
the human species have entailed upon us a number base decidedly 
inferior to 12. In the simple business affairs of life we deal most 
extensively with the three simple, familiar fractions, 4, 4, and 4, and 
the auxiliary fractions 2 and 3. Such being the case it needs no argu- 
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ment to prove that the most convenient base is that which will admit. 
of division without a remainder by the numbers 2, 3, and 4. Ten can 
be divided by but one of these numbers without remainder; hence the 
confusion of fractions is at once introduced. Twelve, on the other 
hand, is an exact multiple of each of the three numbers. It offers, then, 
to the mass of mankind an enormous advantage over 10 or any other 
small number as a base for computation. With the growth of business 
in its many forms, the civilized world has long since come to recognize 
this fact, and im many ways to make practical use of it. The word 
“dozen,” and its equivalent in other languages, has been coined as a 
noun to express the number 12, and in a very great number of the 
commercial transactions of the world the dozen and its square, the 
gross, are the common units of measure. So palpable are the advan- 
tages of 12 from this point of view that some writers have gone so far 
as to advocate the entire abolition of the decimal system and the sub-. 
stitution of a duodecimal system in its place. Charles XII, of Sweden, 
may be mentioned as an especially zealous advocate of this change, 
which he is said to have had im actual contemplation for his own 
dominions at the time of his death. The adoption of the duodecimal 
notation would involve the introduction of two new symbols, for 10 and 
11, respectively. Twelve would then be represented by 10, thirteen by 
11, fourteen by 12, twenty-four by 20, one hundred and forty-four by 
100, etc. No such change can ever meet with general favor, so firmly 
has the decimal scale become intrenched; but it is more than probable 
that the world of trade and commerce will continue to use the dozen, 
its fractions and its multiples in many of its transactions in the future, 
as it has for centuries in the past. It was thus used by the Romans, 
and it has been and is used among all Teutonic nations at the present 
day.. It is more than probable that the English divisions of weights, 
measures, and money were influenced by the ease with which mental 
computation is effected when fractional parts of 12 are involved. The 
duodecimal is not a natural scale in the same sense as are the decimal, 
the quinary and the vigesimal; but it is a system which is brought 
into use at a later day and at a higher stage of development, solely 
through its convenience when applied to the everyday transactions of 
business life. Humboldt, in discussing the number systems of the 
various peoples he had visited in his travels, remarked that no people 
had ever used exclusively that best of bases, 12. A possible exception 
to this has since Humboldt’s time been noted by Robert Flegel, in the 
Aphos of Benué, who count by simple words to 12, and then proceed 
with 12 and 1, 12 and 2, 12 and 3, etc.* 

Remarkable as it may at first glance seem, the number 2 has in a 
few scattered instances been made to do duty as the base of number 
system. Thirion says? it was thus employed by Egyptian surveyors; 
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in our own language we find an occasional hint of the same thing in 
the words “pair,” “brace,” “couple,” ete.; obscure traces of a binary 
number system appear on some of the early Chinese monuments, but 
we have no real evidence that such a system was ever definitely and 
exclusively used by the Chinese. Certain savage tribes, however, 
count exclusively or in part by twos. The Baccaraaibi, a South 
American tribe of the Xingu region, count only to 6. But they call 4, 
2 and 2, 5, 2 and 2 and 1, and 6, 2 and 2 and 2. The least developed 
of the Australian tribes are in many cases found to reckon in the same 
way.* The structure of the Arikara numerals would indicate that this 
people counted at first exclusively by pairs, the odd numbers being in- 
terpolated afterwards.t The lowest of the native tribes of the Kast 
Indian Archipelago count upon a binary scale, if indeed they can prop- 
erly be said to use any.t Examples of this kind might be multiplied 
to a very considerable extent. But it should not be overlooked that 
these are hardly to be considered as fair examples of the use of any 
system. The tribes mentioned have no form of notation other than re- 
peating scratches or piling pebbles; and their numeration is of the 
rudest kind. All that can be said is that, as far as any system is used 
among them, that system is the binary. Making the same qualifica- 
tion, we may note that the Cuchaus of Colorado count with a mixed 
ternary and quaternary scale, expressing 6 by the phrase ‘2 3’s,” 9 
by “3 3’s,” and 8 by “2 4’s;”§ and that the Lulos of South America, 
the Triton Bay and the Enudé Polynesians count with a quaternary 
scale, expressing numbers as far as 4 by simple words, and then 
counting 4-1, 4-2, etc. The last-named tribe gives a further indication 
of the use of the quaternary scale by using for 8 a word signifying 
62 AV’8.”|| Occasionally we come, in the midst of some other well-de- 
fined system, upon sporadic traces of reckoning upon 4, 6, 8, or 9 as a 
base. The Wallachians, for example, say “deu-naw,” 2-9 for 18. The 
Bretagnes call 18 “trionche,” 3-6. But otherwise these languages 
contain no trace of the senary or octonary scales. Pott states** that 
the Bolans of West Africa appear to use 6 as their number base; but 
aside from this solitary instance we know of no tribe which employs 6, 
7, 8, or 9 for that purpose. The most remarkable example of tribal ec- 
centricity in this particular is that of the Maoris, of New Zealand, 
whose number base is 11. To that number they count by means of 
simple words; 12, 13, 14, etc., are with them 11-1, 11-2, 11-3, ete.; the 
multiples of 11, as 22 and 33, are formed directly on the word for 11; 
and the square and cube of 11, or 121 and 1331, are expressed by 
simple words having no connection with the names of smaller num- 
bers.jt Occasionally a rude number system occurs which shows no 
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trace of a base, the numbers, as far as they extend, being independent 
of each other. Such cases are, however, necessarily rare, 

The only remaining example that need be mentioned of the use of 
an unusual number as the base of a system, is the Babylonians. As 
is well known, the base of their number system was 60, the largest 
number ever used for such a purpose. To the modern world, the fact 
that the Babylonians used 60 as their unit of reckoning is most im- 
portant, for that fact has entailed upon us a sexagesimal system of 
astronomical computation. 

With the exception of a small number of isolated cases, such as 
those mentioned above, it may be laid down as a universal law that 

_every language containing a number system extending beyond 5 
reveals the use of one of the three numbers, 5, 10, or 20, as the base of 
that system. Each of three numbers requires extended mention. 

One of the most interesting points to be met with in connection 
with the study of numeral words, is the resemblance found to exist 
in many languages between the words for “hand” and “five.” Count- 
ing as they do, by means of their fingers, savage races naturally use 
for five some expression like ‘“‘one hand,” or ‘a hand finished,” or 
sunply ‘‘hand.” Then, proceeding with their count, they begin to 
build on this as a base, using for 6, 7, 8, ete., the expressions, “hand 
one,” “hand two,” “hand three,” ete. In such a system, 10 is, of 
course, “two hands.” Counting above 10, we find two common meth- 
ods practised. The fingers being finished by the count up to 10, re- 
course may be had either to the toes or to the fingers of a second man. 
In the former case, 11 would be ‘one on the foot.” Twenty, complet- 
ing the tale of both fingers and toes, is called ‘one man.” Beyond 
this point there is less uniformity in the method of counting than be- 
fore, but examples are numerous of tribes which use exactly this 
method up to 100, calling 40, 60, 80, and 100, “two men,” ‘ three men,” 
‘four men,” and ‘five men,” respectively. But, as will be noted later, 
the use of the pure quinary scale above 20 is rarely if ever found. 
With tribes having a limited number sense, however, tribes whose sys- 
tems do not extend beyond 10 or 15 or 20, this scale is almost as com- 
mon as the decimal. The naturalness of this scale is very evident, 
and, as compared with the decimal, the wonder is, not that the quinary 
seale is So very common, but rather that it is not more common than 
the decimal. The reason for this will appear when we come to con- 
sider the latter. 

Examples of the use of the quinary scale are common in all parts of 
the world.* It is the scale of many of the native North Siberian tribes, 
of the Aleuts, the Kamtschatkans, and at least three of the tribes of 
the New Hebrides. In Africa we note the Wolofs and Bullorns, 
which were visited by Mungo Park, the Kanuris, the Temnes, the 
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Hifiks, and two tribes visited by Stanley; the Ki-yaus and the Ki- 
Nyassas.* These and anumber of others use practically a pure quinary 
scale. The Dinkas, the Fulbes, the Pigmies,i and others use a mixed 
quinary and decimal scale, while the Nupes ea one or two other tribes 
employ a quinary-vigesimal system. Among the Australasians and 
Polynesian islands abundant traces are found of quinary number sys- 
tems, but they are in almost all cases nothing more than traces. 
Throughout that part of the world the quinary system has been super- 
seded by the decimal. This has been widely spread through the islands 
of the Pacific and Indian Oceans by the Malays, who in turn obtained 
it from the Hindus. But the home par excellence of the quinary, or 
rather of the quinary vigesimal scale, is America. It is practically 
universal among the Eskimo tribes of the Arctic regions. It prevailed 
among a considerable portion of the North American Indian tribes, and 
was almost universal with the native races of Central and South Amer 
ica. So numerous are the examples which might be given, that mention 
will be made rather of the exceptions, that is, of those using the decimal 
base. It is interesting to note also that a considerable number of lan- 
guages show that the quinary system was once in use among peoples 
which, with the development of civilization, discarded that system for 
the decimal. The Greeks of Homer’s time used a system in which 
traces of the quinary base are observable. The common Roman nota- 
tion shows clearly that the ancient Komans made at least a hmited use 
of the same base, as did also the Persians. 

The exclusive use of 5 as a number base is never found in any sys. 
tem of any considerable extent. Whenever the quinary system is ex. 
tended beyond the narrowest limits it invariably runs into either the 
decimal or the vigesimal. Touching this point Hankel saysit that no 
race, even though it ae its number system on the quinary base, ever 
expressed 10 by 5-2 or 2-5, but always by a simple word; and hence that 
the system passes immediately into the decimal. This statement is 
only partially correct. The quinary in many instances runs into the 
vigesimal, no trace whatever of a decimal base appearing. Further 
more, even though 10 is never expressed by 5-2 or 2-5, it is often ex 
pressed by ‘‘two hands” or “both hands.” Mungo Park observed this 
among the Yolofs and Foulkas of Africa; Humboldt and others among 
the Omaguas, the Zarmiscas, the Tamanacs, the Tonpinambos, and 
many more of the South American tribes; and Russian explorers 
found the same method common among the native Siberian races, 
Hence the statement as the German historian makes it needs impor- 
tant qualification, 

Vigesimal-number systems are less common than quinary, but as 
the two are so persistently interwoven together it is difficult to sepa- 
rate them from each other. he use of a base as large as 20 must 
necessarily be cumbersome, and it can constitute no ground for sur 
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prise that either 5 or 10 should in general be preferred for that purpose. 
It is a matter of some surprise, however, that the quinary should in so 
many cases merge into the vigesimal rather than the decimal system. 

The vigesimal system is never found entirely pure. Examination 
always shows some trace either of the quinary or the decimal system 
subordinate to it. Aimong the native races of America it is almost as 
common as the quinary and is more common than the decimal, but it 
is there always found mixed with either the one or the other. The 
same commingling is observed among Asiatic and African tribes. The 
elaborate Aztec system is the most perfect known example of the vig- 
esimal-number system, but it contained both the quinary and the deci- 
mal scales subordinate to the vigesimal. The Muyscas of Bogota 
possessed an exceedingly elaborate and extended vigesimal system, but 
the decimal is used to supplement it. The same is true of the Bas- 
ques of northern Spain. 

For some unexplained reason vigesimal-number systems are rare in 
the Old World. The only European example I am able to cite is the 
Basque system. The Ainus of northern Siberia reckon by twenties, 
and a number of the tribes of the Caucasus do the same. In Africa 
this mode of counting is almost unknown, only two or three examples 
of it being on record. It is only in America that vigesimal-number 
systems have flourished and held theirown. But itis a noteworthy 
fact that in ancient times 20 was the number base used in many parts 
of Europe, as is attested by abundant traces in the modern European 
languages. The Pheenicians, and presumably the Carthagenians, also 
used this method of reckoning, and through contact with them the 
Celtic nations of western Europe gradually became familiarized with 
it. From using it in commercial intercourse with these traders from 
the Mediterranean they may have adopted it as their own seale. Cer- 
tain it is that the vigesimal-number system was a strongly marked 
characteristic of all the Celtic races, as their languages unequivocally 
prove. The Bretons still say ‘“unnek ha tringent,” 11 and 3 20's, for 
71. The French say “quatre vignt” for 80, and from that point to 100 
count upon a pure vigesimal scale, as far as the names of their numbers 
are concerned. The Welsh, the Erse, the Geelic, the Manx, and other 
Celtic races show in their languages similar traces of a former use of 
the vigesimal base. Singularly enough, like traces are to some slight 
extent found among Teutonic languages also, but they are so infrequent 
as to indicate but little and to prove nothing. A hundred consisting 
of 120, and known as “the great hundred” or “long hundred,” was 
formerly in use in England, and was legal for eggs, spars, and certain 
other articles. ‘That this was a common use would appear from the 
popular old distich quoted by Peacock :* 


Five score of men, money, and pins, 
S Six score of all other things. 
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The very word “score,” and one or two happily preserved expres- 
sions, as “three score and ten,” show that an unconscious flavor of the 
vigesimal scale was to be found in the England of a few centuries ago. 
The Danish and other Teutonic languages contain words and expres- 
sions which indicate that the same was true of other north European 
countries. But here the reckoning by 20’s seems always to have been 
restricted to material objects rather than applied to pure number; so 
that the Teutonic number systems can not be said ever to have been 
vigesimal systems. Ancient Palmyra possessed a number system of 
great extent which was almost purely vigesimal. But scanty traces of 
it remain however. 

We have last of all to consider the decimal scale. However great 
the number of examples that may be given of races that have used 
or now use the quinary or the vigesimal scale, the fact remains that 
by far the greatest number of uncivilized people perform their reckon- 
ing by tens; and that, with five or six exceptions, all civilized peoples 
have done the same. The decimal scale is universal in Europe; in 
Africa it is almost universal; in Polynesia the same is true; in Asia 
all civilized peoples and the great majority of the uncivilized tribes 
count with this base; in North America it is used by the greater num- 
ber of the Indian tribes; and in South America it is sometimes found, 
though the prevailing base is quinary or quinary-vigesimal. The sim- 
ple and undoubtedly the correct explanation of the origin of this sys- 
tem is the laying aside of the counter, or the scoring of one mark on 
the completion of each tale of 10 on the fingers. This develops into a 
perfect decimal system, and needs only the device of characters for the 
representation of number to become a written number system like the 
Roman; or with value of place like the Arabic system of the present 
day. That it is preferable to either the quinary or the vigesimal scale 
is a fair inference to be deduced from the numerous instances in which 
it has superseded the one or the other. As a number base 5 is too 
small aud 20 is too large. Probably no single-number scale would 
serve the needs of mankind better than the decimal with the single ex- 
ception of the duodecimal. But the advantages of 12 as a base never be- 
come apparent until the arithmetic of a people has reached a degree of 
development such that a change in the scale used would be attended 
with difficulties so great as to render such a thing altogether impracti- 
cable. Civilization is apparently wedded to the decimal system; and 
though it may continue to barter by 12’s and to perform its astronomi- 
cal computations by 60’s, it will always continue to use the arithmetic 
of 10’s in preference to any other. It seems probable also that the deci- 
mal scale, already in use among all civilized nations and among the 
native races of so large a portion of the world, will tend more and 
more to displace the quinary and the vigesimal scales, and to become at 
last in reality what it was in the minds of the ancients, the universal 
number scale of the world. 


THE ANTHROPOLOGY OF THE BRAIN, * 


By D. KrER¥Footr SHutE, M. D. 


By “anthropology of the brain” we understand several distinet, but 
closely related, sciences, viz, the anatomy of the brain, its physiology, 
psychology, Pinions CLC. 

In the short space at my disposal it will be neo to do anything 
more than briefly mention the more important facts bearing upon this 
interesting subject. 

We will refer briefly, in the first place, to the more salient features 
of the anatomy of the brain. 

This complex viscus may be-looked upon as a hollow bag, with sev- 
eral constrictions at different places, whose wall is trilaminar, the inner- 
most layer of which is named ependyma, the middle one the nerve tissue, 
and the external layer the pia mater. 

The inner (ependyma) and outer (pia mater) layers are quite thin, and 
may be said to maintain a uniform thickness; but the middle (nerve- 
tissue) layer possesses very varying degrees of thickness at different 
points in the wall of this hollow bag—the brain. 

The nerve-tissuelayer may be very thick at some places, and it may 
be entirely absentsat other points. In this latter case the integrity of 
the cavity of the-brain is maintained by’the ependyma and pia mater 
coming in contact, this. bilaminar portion of the brain wall taking the 
general name.of velum. 

In order to give you.a necessary outline, idea of the anatomy of the 
brain, it will be best to refer rapidly, but succinctly, to the more salient 
features of the embryology of the brain. At an early stage of pre- 
natal growth the: brain consists of three primary vesicles; soon these 
three, by additional growth and constrictions, become. five vesicles, all 
In a series, one in. front of the-other (ashollow bag with four constric- 
tions and trilaminar wall). 

The technical name. for brain being encephalon, these vesicles are 
designated from before backward, pros-encephalon, thalam-encephalon, 
mes-encephalon, ep-encephalon, and met-encephalon, 

The prosencephalon, at first the smallest and most anteriorly (pre- 
axially) situated of all the segments, is destined to grow out of all pro- 
portion to the other segments. It grows: in all directions, upward, 
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forward, backward, and downward, and more or less completely hides 
from view the remaining and, morphologically considered, more funda- 
mental segments. This great increase in size of the prosencephalon is 
due to the tremendous growth of its middle layer—the nerve-tissue 
layer. 

The cavity of the prosencephalon is called the prosencephalic cavity 
(lateral ventricles of adult human anatomy); that of the thalamen- 
cephalon, the thalamencephalic cavity (third ventricle of human anat- 
omy), the point of communication between the two cavities being known 
as the forainen of Monroe. 

The cavity of the mesencephalon is called mesencephalic cavity (syl- 
vian passage, or iter a tertio ad quartum ventriculum of human anat- 
omy). 

The cavity of the epencephalon is known as epencephalic cavity 
(pre-axial half of the fourth ventricle); that of the metencephalon is the 
metencephalic cavity (post-axial half of the fourth ventricle). 

The ‘fourth ventricle” thus becomes a cavity common to two seg- 
ments of the brain. 

Along the “floor” of the prosencephalic cavity (lateral ventricle), in 
the form of a double horse-shoe, is a portion of the brain wallin which 
the middle (nerve-tissue) iayer is wanting. At this place the epen- 
dyma and pia mater come in contact, forming the prosencephalic velum 
(erroneously called, in human anatomy, ‘transverse fissure”), by which 
the integrity of the encephalic cavity, at this place, is preserved. 

Likewise there is a thalamencephalic vel (velum interpositum of 
human anatomy) in the “roof” of the thalamencephalon: a metenceph- 
alic velum in the “roof” (dorsal surface) of the metencephalon. In the 
latter velum is found the foramen of Magendie, the opening by which 
the cerebro-spinal fluid in the encephalic cavities communicates with 
that in spaces on the outside of the pia mater known as sub-arach- 
noidian spaces. 

The nerve tissue-of the prosencephalon (cerebrum) consists of “inner” 
or ‘white matter” and “outer” or “gray matter,” the individual ele- 
ments of which are bound together by a tissue called neuroglia. The 
gray matter, otherwise called cortex, is about 3 millimeters in thick- 
ness. The-cerebrum has numerous fissures and convolutions on its 
surface—these for the purpose of increasing the area of gray matter 
without unduly augmenting the bulk of the brain. The superficial area 
of the cortex is about 200,000 square millimeters. 

Two of the most important fissures of the brain are the fissure of 
Rolando and the fissure of Sylvius. In relation with the former fis- 
sure are found the great “motor areas” of the brain, and in relation 
with the ‘‘forking” of the latter is “ Broca’s center” (the center for 
speech), 

In the adult the cerebrum is the largest portion of the brain. The 


rext largest portion of this viseus is theecerebellum, which constitutes 
the great bulk of the epencephalon. 
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In the brief space at iy disposal I can but mention two of the great 
physiological processes connected with the brain. Probably two of the 
most conspicuous activities of a human being are those of intellection 
and locomotion; and, in consonance with this fact, we find the two por- 
tions of the brain presiding over these functions, the most conspicuous 
and bulky segments of it. The cerebrum is the physical basis of intel- 
lectual processes and the cerebellum of locomotion, in that the latter 
is the great codrdinating center of the brain. 

Whether we extend our studies along the lines of phylogeny or 
ontogeny, we will observe that the rule is very general, almost univer- 
sal, that those animals having the largest cerebra possess the greatest 
degree of intelligence, and those with the largest cerebella are capable 
of the most varied and complicated motions. - - - 

From an ethnological standpoint the size and weight of the human 
brain arefacts of great interest and importance. 

The size and weight of the brain are capable of being estimated by 
two methods, viz, the direct and indirect. The direct method is to 
weigh the brain when it is accessible. The indirect is to ascertain the 
cubical capacity of the cranium, and then deduce the weight of the 
brain that once occupied it. This latter method is particularly appli- 
cable in the study of the brains of ancient peoples, the skulls of which 
have been preserved to this time. The average weight of the human 
male adult brain is 1,390 grams. That of the female is 1,250 grams. 

The average cranial capacity of any race can only be determined by 
careful examination of a large number of skulls classified according to 
sex; for sex exercises a most potent influence over cranial capacity, 
often exceeding the difference of race.. 

The following are some of the principal modifying conditions which 
influence cranial capacity and thence brain weight, viz, age, weight of 
body, stature, sex, race, vigor of intellect, and education. 

The earlier anatomists believed that the human brain attained its 
maximum development at 7 years of age. We now know that this is 
incorrect; yet from extensive researches it has been found that the 
male brain does actually reach five-sixths of its ultimate weight by 
theeend of the seventh year, and in the female ten-elevenths its ulti- 
mate weight at the end of the same period. 

The average weight of the brain undergoes a progressive increase up 
to a point between the twentieth and fortieth years. The greatest ave- 
rage weight for the male bram is reached at from 30 to 40 years. 
Women reach the full average brain weight from the twentieth to the 
thirtieth year. 

There is a slight diminution in weight from 40 to 50 years of age, 
and a still greater diminution from 50 to 60 years, The rate of 
decrease is much greater after 60 years. In the eightieth year the 
brain weight has decreased by from 80 to 90 grams. “In the aged, 
brain weight and intelligence decrease pari passu” (Thurnam). 
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It has been truly said that there are many exceptions to this general 
law, especially among people of culture and learning, ‘““who often pre- 
serve to extreme old age all the fullness and vigor of their faculties. 

“Phe brain of such men, as the late Prof. Gratiolet observes, 
remains in a state of perpetual youth, and loses little or none of the 
weight which belonged to it in the prime of life” (Thurnam). The ratio 
of brain weight to body weight varies. In lean persons the ratio is 
often as 1:22 to 27; in stout persons as 1:50 to 100. The human brain 
is smaller in comparison with the body the nearer man approaches to 
his full growth. 

As to stature, the weight of the brain, in both sexes, is relatively 
smaller in short persons than in tall ones. The difference between the 
two is about 5 per cent, 7. e., the brain of a man of short stature being 
represented by 95, that of a tall man would be 100. ; 

The average weight of the adult male brain is about 10 per cent 
greater than that of the female. Nor is this difference due to the 
difference in stature of the sexes. The difference, as was shown by 
M. Parchappe, is greater than can be accounted for in this way. 
While the stature of woman is only 8 per cent less than that of man, 
her brain weight is 10 per cent less. 

In relation to this question of the difference of cranial capacity due 
to sex, it is very interesting to note the remarkable fact, pointed out 
by Vogt, that the difference increases in favor of the male as the de- 
velopment of the race proceeds, so that the male European excels 
much more the female than the negro the negress. 

In the words of Vogt, “The lower the state of culture, the more 
similar are the occupations of the two sexes. Among the Australians, 
the Bushmen, and other low races, possessing no fixed habitations, the 
wife partakes of all her husband’s toils, and has, in addition, the care 
of the progeny.~ The sphere of occupation is the same for both sexes; 
whilst among civilized nations there is a division both in physical and 
mental labor. If it be true that every organ is strengthened by exer- 
cise, increasing in size and weight, it must equally apply to the brain, 
which must become more developed by proper mental exercise.” 

Le Bon has pointed out that the difference existing between the 
cranial capacities of the male and female modern Parisians is almost 
double that which obtains between the cranial capacities of the male 
and female inhabitants of ancient Egypt. These facts show the inti- 
mate, and mutually reacting, relations of civilization and brain weight; 
advancing civilization leading to increased development of the brain, 
and the enlarged brain making the people capable of higher and 
broader culture. 

The average brain weight in different races of men has mostly been 
studied by the indirect method, i. ¢., by the investigation of cranial 
capacities. Skulls having a cranial capacity of 1350-1450 cubie centi. 
meters are classed as mesocephalic; those under 1350 cubie centimeters 
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are microcephalic; those above 1450 cubic centimeters are mega- 
cephalie. 

Below are given average brain weights in male adults of different 
people: 


Grams 
COLI PE CACOCL) ere ee me ete eee ae eal 1,417 
DURST CUE PEN) ee Seren nl. REDD ors eA nn se 1,388 
Ln Pa EPO LE BMS oS aay 1 eee ary ie ele ne 1,354 
“PEST W' tT a ot 2 Ee a ae ear eae 1,371 
eT AR ADM ECHL AEMIO ES oy OS eee Ae ee ees 1,358 
sb Ee CE UL eee pea mee neh a ee 1,255 


Thurnam says that the average brain weight of the male negro is 
the same as that of the female European. - - - 

What kind of brain weights are found among men of great mental 
powers and acquirements? The following table will show: 


Brain weights of distinguished men (Thurnam). 


x Name. Occupation. Age. Weights. 
Gramé. 
ICS ae ee ee Nainralist ..-2-.--<.-- 63 1, 830 
Abercrombie --------- Phypician, 22-7225. s 64 1, 785 
Sepallen so - Ly, ease ee ene 4G 1, 785 
Daniel Webster-.----- Statesman ----..------ 70 1.516 
AEE ew ae cee = Naturalist .-.-..----.- | 56 1,512 
De Morgan’: =. -.------ Mathematician -.----- 73 1, 496 
Gries 2 eae Biri: 76 1,410 
Wihowells 222-0 uo. | Philosopher-.--------- 7 1.390 
Hermann... - 25225 --=> Philologist..--.-.----- 51 1. 358 
| Hughes Bennett -----. ARAM oa. oe 63 1,322 
aedemayn 272252 -22- Asiatomist.22-.-=---- oy) 1, 254 
| HipuenNaAn 222 na Mineralogist---..---.- 77 1,226 
: 


The abbve-named men have been among the foremost representatives 
of human intelligence. 

The list is very interesting, not only from the fact that it includes 
some very high brain weights (which we would naturally expect from 
their high intellectual attainments), but also from the fact that it in- 
cludes brain weights of four distinguished men which fall distinctly 
below the average (1390 grams), even when allowance is made for 
atrophy conseyuent upon age. 

These facts, and many others that can be mentioned, naturally raise 
the question, “Is there any invariable connection between intelligence 
and mere weight or size of brain?” Before answering this question 
we desire to cite a few additional facts. 

Very high brain weights are not only found among men of great in- 
tellectual attainments and culture, as noted in the above table, but 
also among very ordinary sane individuals and among epileptics and 
insane persons. Dr. Bucknill records a brain weight of 1530 grams for 
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a male epileptic. This was the brain weight, it will be observed, of the 
celebrated Cuvier. 

Dr. Spae records the heaviest female brain weight on record that I 
can find. The patient was not epileptic but ‘labored under a mono- 
mania of pride,” dying at the age of 39. The brain had, for a female, 
the astounding weight of 1743 grams. 

The heaviest human brain on record, as far as I have been able to 
ascertain, belonged to a man who was perfectly sane and healthy, but 
of very ordinary mental attainments. The man from whom it was 
taken was 38 years of age, a bricklayer, and died from blood poisoning, 
after a surgical operation, in a London Hospital in 1849, Dr. James 
Norris says of this brain: 

“The weight of the brain, taken immediately on removal, exceeded 
1945 grains. This weighing was most carefully made, and was wit- 
nessed by several students. The brain was well proportioned; the 
couvolutions were not flattened, though the surface was fairly moist; 
it only lost about 32 grams weight after the usual dissection and dr ain. 
ing for two hours. The man’s ‘height was 5 feet 9 inches, and he was 
of arobust frame. It was difficult to obtain any satisfactory history 
of him—his wife and his landlady gave different accounts. It seemed, 
however, that he was a native of Sussex, England; that he had left 
his native village and changed his name on account of some poaching 
troubles; that he was not very sober; had a good a and was fond 
of politics. He could neither read nor write.” - - 

How are these facts to be reconciled with one another? In this way. 
It is now universally held that it is the gray nerve tissue in the front 
portion of the cerebral hemi-spheres (prosencephalon) that has to do, 
more particularly, with the intellectual activities, the white nerve tis- 
sue consisting, essentially, of nerve threads that conduct impulses to 
and from the gray matter. The nerve elements, as stated above, are 
bound together and held in place by a form of connective tissue called 
neuroglia. The neuroglia has no connection, whatever, with the gener- 
ation or conduction of nerve impulses—it is merely a supporting tissue. 
If this tissue, in consequence of disease, increases much in quantity it 
may add very much to the weight of the brain—as occurs in epileptics— 
without increasing the gray matter which is concerned with mental 
processes. In reality the increase of neuroglia decreases the gray 
matter and thus deteriorates the mind. 

Or, if thereis no increase in the neuroglia, there may be, with a large 
brain, an unduly small amount of gray cortex on account of a compara- 
tively small number of fissures and convolutions. Or, again, the cortex 
of gray matter may not reach the average thickness. Or, the texture 
of the brain may be poor—its microscopic elements feeble and poorly 
related and correlated. 

Thus it may be understood that a comparatively small brain—one 
below the average brain weight—may be capable of vastly finer and 
better work than a much larger one. 


So, in answer to the question, “Is there any invariable connection 
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between intelligence and mere weight or size of brain?” we answer, 
decidedly, “no.” 

Should the question be asked whether a larger number of mega-ce- 
phalic brains is likely to be found among races of high intelligence and 
culture, we have the answer of Le Bon emphatically in the affirmative, 
and it is in this direction, as Le Bon has taught us, that we must look 
for evidences of social superiority. As illustrating this proposition, 
the following table of percentage of Le Bon will prove very interest- 
ing and instructive: 


Percentage of cranial capacity in different human races (Le Bon). 


aoe i) 
Parisians of 


rani Lod i stra> 
capacity. Parisians, MELA evpcians. | Nesvoes: | “iin. 
| 5 | | | | 
|\Cubie centimeters. | 
1200-1300. ....... 0.0 ie al ee 7.4—|~ 45.0 
1300-1400.... ... 10.4 7.5 PAT 35.2 25.0 
1400-1500........ 14.3 37.3 42.5 53rd a 2050 
1500-1600. ....... | 46.7 29.8 36.4 14.7 10.0 
1600-1700........ | 16.9 20.9 9.0 9.3 0.0 
1700=180022. 2.22. 6.5 4.5 0.0 0.0 0.0 
5.2 0.0 0.0 0.0 0.0 


| 1800-1900. .......| 
} 


In connection with this table it is interesting to remember that Le 
Bon says: “The cranial capacity of the gorilla often reaches 600 cubic 
centimeters, so that it follows that there are a large number of men 
more allied by volume of brain to the anthropoid apes than they are 
to some other men.” 

Among other things, this table reveals the interesting fact that in 
the course of seven hundred years of advancing civilization the aver- 
age Parisian cranial capacity has distinctly increased in volume. - - 
It may*be well to state, in conclusion, that Broca estimated that a 
brain in the male, weighing 1,049 grams, is the lowest limit compati- 
ble with ordinary human intelligence; in the female 907 grams. Human 
beings with brain weight’s lower than Broca’s figures are idiots, ete. 
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THE BIRTH OF INVENTION. * 


By O1ts T. Mason. 


In this apotheosis of invention and inventors, to me has been assigned 
the pleasing task of leading you back for a few moments to the cradle 
of humanity. Those are happy hours to most of us when we recall the 
days of childhood. To trace the lives of celebrated men and women 
to the springs of their moral and intellectual power brings never-fading 
delight. To study the rise and progress of a nation or any social unit 
is worthy of exalted minds. But the most profitable inquiry of all is 
the search for the origin of epoch-making ideas in order to comprehend 
the history of civilization, to conjure up those race memories in which 
each people transmits to itself and to posterity its former experiences. 

Every invention of any importance is the nursery of future inven- 
tions, the cradle of a sleeping Hercules. But my task is to speak of 
primitive man and his efforts. 

It willaid us in prosecuting our journey backward to orient ourselves 
with reference to the present. For two days we have listened to the 
eloquent papers of my predecessors, written to glorify the nineteenth 
century. Through this faculty of invention the whole earth is man’s. 
There is not a lone island fit for his abode whereon some Alexander 
Selkirk has not made a home. Every mineral, plant, and animal is so 
far known that a place has been found for it in his Systema Nature. 
Every creature is subject to man; the winds, the seas, the sunshine, 
the lightning do his bidding. Projecting his vision beyond his tiny 
planet, this inventing animal has catalogued and traced the motion of 
every Star. 

But his crowning glory (which always fills me with admiration) is his 
ever increasing comprehensiveness. After centuries of cultivating 
acquaintance with the discrete phenomena around him, he has now 
striven to coordinate them, to make them organic, to read system into 
them. He has learned by degrees to comprehend all things as parts of 
a single mechanism. Sir Isaac Newton and Kepler conceived all objects 
and all worlds to be held by universal gravitation. And thus, in our 
century, von Baer and Humboldt taught that the world, in all its forces 


* An address on the occasion of the centennial celebration of the organization of 
the U. 8. Patent Office; delivered in Washington. Proceedings and Addresses, 1891, 
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and materials, is an integrated cosmos. Anyone who is the least 
familiar with the progress of philosophy will recall that since the dawn 
of written history the thoughts of men were tending to this unifica- 
tion. Shortly after this first effort at comprehensive unity Mayer, 
Rumford, and Joule invented the methods of demonstrating the oneness 
of physical forces, the conservation of energy. Wollaston, Kirchoff, 
and Buusen devised the delicate apparatus to prove the chemical 
identity of all worlds. Lamarck, Geoffroy St. Hilaire, and Darwin 
taught the consanguinity of all living beings. Helntholtz and Meyer 
coordinated nervous excitation with mental activity. Comte and 
Spencer grasped the unity of all sensible phenomena. Newton, Leibnitz, 
and Hamilton projected their minds beyond phenomena and invented 
mathematics of four or more dimensions, conceiving of worlds and sys- 
tems that under the present order of nature can have no objective 
reality. Over all this, into many great souls, have come the notions of 
infinite space and time and causation. The idea of limitation to thought 
or achievement no longer enters the imagination. The depth of the 
sea, the distances of the stars, the concealment of the earth’s treasures, 
the minuteness of the springs of life and sense, the multiplicity and 
complicity of phenomena are only so many incitements to greater 
achievements. The daring souls of this decade are determined at any 
risk to answer the inquiry of Pontius Pilate, What is truth? With 
sympathetic enthusiasm we wave them on, bidding them God-speed. 

But, I ask you now to forget all this and go with me to that early 
day when the first being, worthy to be called man, stood upon this 
earth. How economical has been his endowment. There is no hair on 
his body to keep him warm, his jaws are the feeblest in the world, his 
arm is not equal to that of a gorilla, he can not fly like the eagle, he 
can not see into the night like the owl, even the hare is fleeter than he. 
He has no clothing, no shelter. He had no tools or industries or 
experience, no society or language or arts of pleasure, he had yet no 
theory of life and poorer conceptions of the life beyond. 

The road from that condition to our own lies next to the infinite. 
The one endowment that this creature possessed having in it the 
promise and potency of all future achievements, was the creative 
spark called invention. The superabundant brain, over and above all 
the amount required for mere animal existence, held in trust the possi- 
bilities of the future, and stamped upon man the divine likeness. This 
naked ignoramus is the father of the clothed philosopher, looking out 
into infinite space and time and causation. It may give you pleasure 
to know something about the connections between these two and the 
witnesses to these connections. 

There are five guides whose services we have to engage on our inter- 
esting journey. The first is history, who does not know the way very 
far back—not over three thousand years—with much certainty. The 
second is philology, the study of which in our own century has ena- 
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bled us to find the cradle-land of many peoples. The third is folk-lore, 
the survival of belief and custom among the uneducated. The fourth 
is archeology, history written in things. The fifth is ethnology, which 
informs us that in describing this are of civilization some races have 
only marked time, while others have moved with radii of varying lengths. 
The result of this is that we now have on the earth types of every sort 
of cuiture it has ever known. At the present moment, within hailing 
distance of yonder most beautiful dome in the world dweil all these wit- 
nesses—the relics of the stone age, the Indian village of Nacochtank or 
Anacostia, the folk-lore of both continents, and the literatures of the 
world. While youare listening to the encomiums of our decade, pale- 
olithic man sends in the testimony of his handicraft, the Smithsonian 
Institution treasures the inventions of the most primitive races, and the 
Bureau of Ethnology unravels the mysteries of savage tongues. 

As the fragment of a speech or song, a waking or a sleeping vision, 
the dream of a vanished hand, a draught of water from a familiar spring, 
the almost perished fragrance of a pressed flower, call back the singer, 
the loved and lost, the loved and won, the home of childhood, or the 
parting hour, so in the same manner there linger in this crowning 
decade of the crowning century bits of ancient ingenuity which recall 
to a whole people the fragrance and beauty of its past. 

From the testimony of these five witnesses we learn that there never 
was a time wher man was not an inventor—never a time when he had 
not some sort of patent on his invention. They affirm that every art 
of living and all the arts of pleasure were born in the stone age; that 
graphie art, sculpture, architecture, painting, music, and the drama 
had their childish prototypes in that early day; that language is one 
of the very earliest of inventions, the vehicle of savage oratory, philos- 
ophy, and science. They affirm that society has been a series of inven- 
tions from the first; that legislation, justice, government, property, 
exchange, cominerce, have not sprung out of the ground, but within our 
definition are inventions. And even the creeds and cults of mankind, 
whatever view you may take of the divine element underneath them, 
have been thought out and wrought out with infinite pains from time 
to time by earnestsouls. Butthey had their origin in thecradle land and 
in the infancy of our race. What we enjoy is only the full-blown flower, 
the perfected fruit of which they possessed the germ. Let me enforce 
this idea, as we glorify the material prosperity of the nineteenth cen- 
tury, that many centuries ago men sat down and with great pains and 
sorrow invented the language, the art, the industries, the social order 
which made our machines feasible and desirable. 

There is no conflict between the testimony of these witnesses and the 
doctrine commonly taught that men do not invent customs and lan- 
guages, but fall into them. Reflect a moment upon your own daily 
life and you will recognize two sets of activity, those which you origi- 
nate and those in which you follow suit. Animals can learn to follow 
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suit, and to a very limited extent can originate. But it is the spark 
of originality which underlies every thought or device in this world. 
As one man invents a machine and others by thousands fall into the 
use of it, as the musician composes a song and millions sing it, so was 
it in the cradle-land of humanity the inventor, touched with fire from 
the divine altar, set new examples to be followed. If we were to inter- 
rogate our five witnesses, particularly with reference to the ancestry, 
the family tree of the notable inventions of the nineteenth century, 
their answer would be somewhat as follows :* 

The ancestor of the steam plow is the digging stick of savagery, a 
branch of a tree sharpened at the end by fire; the progenitors of the 
steam harvester and thresher were the stone sickle, the roasting tray, 
or, later on, the tribulum. 

The cotton gin and power loom are among the wonders of our age. 
Yet in that day of which we are speaking human fingers wrought the 
textile from first to last. They gathered the bark or wool, colored 
them to suit the primitive taste, spun and wove them with simple 
apparatus, and left upon the fabric patterns that are the despair of all 
modern machine-makers—patterns that are a pleasure to the eye by 
their infinite variety, replaced in modern fabrics by a dreary monotony 
that awakens pain instead of pleasure. 

The first sewing machine was a needle or bodkin of bone, with dainty 
sinew thread from the leg of the antelope, and for thimble a little 
leather cap over the ends of the fingers. Coarse, indeed, the appara- 
tus, but the hand was deft, the eye was true, the sense of beauty was 
there, and so that needlewoman of long ago wrought in fur from the 
mammals, feathers from the birds, grasses from the fields, shells from 
the sea, wings from the beetle, and skins of snakes with tasteful 
geometric figures. You do err who think those ancient needle-women 
had no taste. It would be hard to invent a pattern now that was 
unfamiliar to them. 

The first engine was run by man power, then man subdued the horse, 
the ass, the camel, and invented engines for those to propel. He next 
domesticated the winds, the waters, the steam, the lightning, but the 
first common carriers and machine power were men and women. The 
first burden train was women’s backs; the first passenger car was a 
papoose frame. 

The poetry of to-day is the fact of yesterday; the dream of yesterday 
is the fact of to-day. When the savage woman a century or two ago, 
upon this very spot, strapped her dusky offspring to a rude frame, hung 
it upon the nearest sapling for the winds to rock, or lifted the unfor- 


*We Bent to remember, however, that « an iny Syme is Shot nee a chases but 
that it may be any series of actions sonnet. toward some newend, We should ‘Toon 
in mind, also, that all our activities involve materials and their qualities; human, 
animal, and physical forces; tools and mathines; processes, and products; and that 
invention may take place in any or all of these, 
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tunate suckling from the ground to which it had been hunied by the 
bending of an unsafe bough, that was a fact, a stage in the history of 
invention. In our now-a-days couches of down, swung from gilded 
hinges, we have got far ahead of the papoose cradle, the memory of 
which we perpetuate in nursery rhymes sung to children, who wonder 
why babies should be hung in the tops of trees and think, doubtless, 
that the faliing cradle was a just retribution on the silly parents. 

What is more beautiful than an ocean steamer, with skin of steel 
drawn over ribs of steel and closed above against the intrusion of the 
waves? Have you never seen the picture of the Eskimo, still in the 
stone age, who, over a framework of driftwood or whale’s rib, stretches 
a covering of sealskin and learned therein to defy the waves-hundreds 
of years ago? 

Only now and then the angry sky was lighted for the primitive man 
by electricity, and even then it filled him with terror. But it was he 
that invented the apparatus for conjuring from dried wood, by a rude 
sort of dynamo, the Promethean spark. It was our Aryan ancestors 
that paid their devotions to the rising sun by kindling fresh fire every 
morning as the orb of day flashed his first beam across the earth. 

Who has not read, with almost breaking heart, the story of Palissy, 
the Huguenot potter? But what have our witnesses to say of that 
long line of humble creatures that conjured out of prophetic clay, with- 
out wheel or furnace, forms and decorations of imperishable beauty 
which are now being copied in glorified material in the best factories of 
the world? In ceramic as well as in textile art the first inventors were 
women. They quarried the clay, manipulated it, constructed and 
decorated the ware, burned it in a rude furnace, and wore it out in a 
hundred uses. 

He had no printing press, but he could tie knots in a marvellous 
fashion nd write letters on bark or on bits of raw hide and leave 
memorials of himself in the book of stone. He made words and sen- 
tences, invented language, developed artistic forms of speech handed 
down to us in the eloquent harangues of his sages. He breathed his 
thoughts in poetry, a kind of childish rhythm. 

In the time of which we now are speaking the telegraph was a series 
of signal fires and a wonderful code of signs, which a distinguished 
scholar of our city has just unravelled. 

Primitive man developed the art of war, means of offense and 
defense; weapons of percussion, for cutting and thrusting; projectiles, 
armor, fortification, strategy. 

Nowhere has man pressed his hand so effectively upon nature as in 
the domestication of animals. It is almost incredible that ravening 
wolves and merciless felines should become faithful dogs and purring 
cats; that the wild sheep and goat should descend from their inacces- 
sible fastnesses, and yield their fleece and flesh and milk; that horses, 
asses, camels, elephants, should be induced to lend their backs and 
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limbs to lighten the loads of the first common carrier. This process of 
impressing his own qualities on wild creatures began very early in his- 
tory, and has continued uniterruptedly from first to last.* 

His affairs of state were managed through his patent system. The 
great inventors were made the rulers of the people, and his highest 
title to nobility was a most puissant and ingenious one. 

He had courts of justice, heard witnesses, executed his laws. It is 
true that the methods were summary, when a chancery suit was settled 
by execution on the same day as the death of the devisor. But out of 
his struggles came our methods, and the greatest drawback to secur- 
ing justice now is the survival of his antiquated customs into our new 
practices, 

He invented philosophies and sciences, explained the universe and 
himself to himself. This seems puerile now, but it was the beginning 
of all our own speculations, necessary to us at present, but which will 
to-morrow become folk-lore. Over and over again, those who preceded 
me on this platform have pointed to James Watt as the true deliverer 
of mankind. Far be it from me to take one leaf from his laurel crown; 
but the inventor of the alphabet, of the decimal system of notation, 
of representative government, of the golden rule in morality were 
greater than he. 

For the dream in stone and carving and decoration called a cathedral, 

“Where, through long-drawn aisle and fretted vault, 
The pealing anthem swells the notes of praise,” 
that early day has only to offer wild shouts in unison under the starlit 
dome, touched by the first childish aspirations after the divine, or 
hopes of immortality. 

While you look with admiration upon these panoramas of progress 
you can not have failed to observe on the canvas that the art, the proc- 
ess and rewards of inventing itself, have undergone the very same 
development and improvement as the thingsinvented. There isin this 
a marvellous similarity to the life processes of animals and plants. The 
homogeneous yolk of the egg during incubation becomes wonderfully 
complex and heterogeneous; but all of these diverse parts come together 
into a higher unity, in which each organ ministers to the good of all. 


“In a Saturday lecture delivered in the National Museum, March 18, 1882, the 
author sought to combine the result of Morgan’s culture stages, being seven, with 
the work of Klemm, Tylor, Lane Fox, and Spencer, who had treated separate arts 
from an evolutionary or, 1 should say, an inventional motive. This any one may 
repeat for himself by ruling a broad sheet of paper into eight columns. At the top 
of the several columns write the words of Morgan, or, better, the firstsseven Roman 
numerals. In the. lines down the left-hand margin write any words you choose to 
examine, Say music or weapons. The seven stages of music or of weapons would 
appear by reading across the sheet from left to right. Care should be taken not to 
confound the species of the same thought, for example, bruising, piercing, or slash- 
ing weapons; or string music, with reed music or horn music, A table made thus 
for all activities would be an index of all culture in all time. 
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The earliest invention was a single homogeneous act, an original sugges- 
tion, ahappy thought. The patent on this was an immediate and indi- 
vidual benefit. A sharper knife of flint, a better seraper, a longer 
spear, a stouter thread wrought better and the reward was more exe- 
cution. Now, the man who made the best weapons killed the most 
game, from that game he got better food, that food made him stronger, 
that strength made him chief, that chieftaincy gave him more wives, 
more children, more cohorts to support his throne. The best woman 
to cook or sew or carry loads got the best husband; that was her pat- 
ent. From these simple methods of inventing and rewarding invention 
we come on to the Olympic games, the monopolies, the patent system. 
And now, in the inventor’s laboratory of Graham, Bell, or Edison the 
climax is reached, where one machine is the co-operative result of any 
number of trained minds, and the reward is meted out to each by the 
manufacturer; or, in this Patent Congress itself, we may have a still 
more highly organized unit, wherein the inventors of America become a 
body social, and together shake hands under the sea with the Emperor 
of Germany, who sends his congratulations to-day on the occasion of 
our meeting. 

The law of progress in the development of the thing invented, of the 
process of mind and hand in the act of inventing, of the reward paid 
to the inventor, of the changes in society itself through the invention, 
is from the homogeneous to the heterogeneous, as Herbert Spencer has 
well indicated. This applies to the uses of materials, the conquest of 
natural forces, the development of the qualities of things, the perfec- 
tion of the instruments and modes of applyin ° them, and the wants 
which are gratified and to be gratified by the finished products. 

The great classes of industry that you are trying ever to serve are 
one and all your perpetual debtors. Producers, like farmers, fisher- 
men, lumbermen, miners, breeders, or hunters, have passed through the 
foregoing school of experience. 

No less indebted to you for lifting their burdens are the common 
carriers of the world, since you have trained the winds, the waters, the 
animal kingdom, to undertake for mankind journeys that would 
have utterly discouraged them. It is easy to show, in fact, that the 
common carrying organizations are as much an evolution or elaboration 
as the tools they use. 

But what shall I say of the manufacturer—his methods, his rewards, 
his guilds, his interest in politics? Pari passu with those efficient 
tools, that complicated machinery in his hands and about him, he him- 
self has been invented. He is no longer like the primitive artisan who 
struck the first flakes from brittle stone. He is in touch with many 
others, who together with him constitute the higher unit of an organized 
factory or association of factories. It was once said that it takes nine 
tailors to make a man, but, surely, it takes nine hundred men and 
women to make a suit of clothes, or a house, or a locomotive. The 

H, Mis, 114 39 
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co-ordination and organization of these industrial cohorts, I affirm and 
repeat, is invention of the highest order. There are no letters patent 
on them. They enjoy natural patents, that is, by selection and the 
survival of the fittest; those who do the best and work together the 
best, get the reward. 

The commerce of the world is an excellent example of invention 
affecting men as well as their tools. Merchants and bankers, ex- 
changers of goods and exchangers of the prices of goods, have been 
also invented. It would hardly be affirmed that this world-encircling 
current of activity called trade had come about by merely following 
suit or following the fashion. Were that so, Wall street bankers and 
New York merchants would now be standing naked on the shores 
of Manhattan Island bartering peltries for clams. Patent Congresses 
would never have been thought of, and this essay would not have been 
written. At first every man was his own exploiter, carrier, manufac- 
turer, merchant, banker, and customer. But now all men are servants 
of all men. By a system of credits only one one-thousandth part of 
the world’s business is done for cash or barter. The human species, 
regardless of race or language or education, has become a universal com- 
bine for mutual helpfulness. And this combine has more parts playing 
into parts and wheels working into wheels than may be.seen in a vast 
cotton factory. All this is the result of excogitation, of invention. The 
trader is the son of the trapper, the storekeeper is the son of the 
trader. In the direct line come the retailer, the wholesaler, the firm, 
the importer, the trust. The gatherer of cowries is the father of the 
wampum maker, and the son of the latter is maker of metallic slugs 
bearing the stamp of a domestic beast; his son issued the first coins, 
and the family tree brings you straight down to the Rothschilds, who 
have handled at least once all the money of the world. 

Now, what have I to say about the consumer, who, after all, is said 
by doctrinaires to pay all the bills? The consumer also has been 
invented, from my point of view. The first consumer wore out little 
clothing, dwelt in an inexpensive habitation, and his bill of fare was 
limited. His service, equipage, variety of enjoyments, were circum- 
seribed. Can you think of any one so bereft? In our cities, if we found 
wandering about a person so poorly endowed, our hearts would be filled 
with commiseration. Now, from that man to any successful modern, or 
more correctly to our whole modern time combined, is the road along 
which consumers have been invented. The kinds of wants have been 
refined and increased in number. Each want has become more exactin g 
and discriminating. Intellectual, social, wsthetic, moral, and political 
wants have been created. And these, not in single persons only, but 
there have been composite wants, world-embracing wants and ambi- 
tions thought out, whose gratification come to human beings in families, 
clubs, guilds, corporations, cities, congresses, nationalities, and interna- 
tionalities. And these, consuming what they have produced, find that 
the earth is inexhaustible. 
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We are assembled to glorify the first century of American patents. 
A few months ago the disciples of Daguerre met in our city and set up 
in the National Museum a monument to the inventor of photography. 
I do not know that there is another memorial in America to an 
inventor. There is no better way to insure for posterity the recollec- 
tion of this day than by stimulating among the great industries the 
desire to continue this good work of memorializing their founders. 
Perhaps you may not build your monument of stone or bronze; you 
may set up a library, you may solicit a corner in the National Museum 
or Congressional Library, or you may secure a better Patent building. 

In our public places we set up statues of the destroyers of mankind 
and erect monuments in our national cemeteries to the anonymous 
dead. When we go to hang garlands upon the eulogium-bearing 
tombs we do not forget to scatter flowers upon the mausoleum of the 
unknown. 

We can not gather from the four corners of the world the bones of all 
the great inventors and honor them with a costly burial, Even their 
names have perished from the records of mankind, but their works 
endure. What better can we do than to gather these and guard them 
in our great museums, mute witnesses of antiquated arts. I can imag- 
ine these anonymous inventors looking upon us to-day and glad of this 
tardy recognition of their vicarious sufferings. 

With loving reccollection of your labors I pluck a flower from my 
heart and strew its petals over your neglected graves: 

In freta dum fluvii current, dum montibus nmbrie 
-lustrabunt convexa, polus dum sidera pascet, 


semper honos nomenque tuum laudesque manebunt, 
que me cumque vocant terre, Aineid, I, 607. 


AMERICAN INVENTIONS AND DISCOVERIES IN MEDICINE, 
SURGERY, AND PRACTICAL SANITATION.* 


By Joun S. Bruuines, M. D. 


In connection with this celebration of a century’s work of the Amer- 
can patent system, I have been requested by the advisory committee 
to prepare a brief paper upon inventions and discoveries in medicine, 
surgery, and practical sanitation, with special reference to the progress 
that has been made in this country in these branches of science and art. 

Itewould be impossible to present on this occasion such a summary 
as would be of any special interest or use, of the progress which has 
been made in medicine and sanitation during the century, either by 
the world at large or by American physicians and sanitarians in par- 
ticular; and I shall therefore confine my remarks mainly to the progress 
which has been made in these branches in connection with mechanical 
inventions and new chemical combinations devised by American 
inventors—which will require much less time. 

The application of the patent system to medicine in this country has 
had its advantages for certain people, has given employment to a con- 
siderable amount of capital in production (and to a much larger amount 
in advertising), has contributed materially to the revenues of the Gov- 
ernment, and has made a great deal of work for the medical profession. 

So far as I know, but one complete system of medicine has been pat- 
ented in this country, and that was the steam, Cayenne pepper, and 
lobelia system—commonly known as Thomsonianism—to which a patent 
was granted in 1836. The right to practice this system, with a book 
describing the methods, was sold by the patentee for $20, and perhaps 
some of you may have some reminiscences of it connected with your boy- 
ish days. I am certain I shall never forget the effects of ‘composition 
powder,” or of “number six,” which was essentially a concentrated 
tincture of Cayenne pepper, and one dose of which was enough to make 
a boy willing to go to school for a month. 

From areport made by the Commissioner of Patents in 1849, it appears 
that 86 patents for medicines had been granted up to that date; but 

*An address on the occasion of the centennial celebration of the organization of 
the U. S. Patent Office: delivered in Washington. Proceedings and Addresses, 1891, 
pp. 413-422, 
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the specifications of most of those issued before 1836 had been lost by 
fire. The greater number of patents for medicines were issued between 
1850 and 1860. The total number of patents granted for medicines 
during the last decade (1880-1890) is 540. * 

This, however, applies only to “patent medicines,” properly so called, 
the claims for which are, for the most part, presented by simple-minded 
men who know very little of the ways of the world. A patent requires 
a full and unreserved disclosure of the recipe, and the mode of com- 
pounding the same, for the public benefit when the term of the patent 
shall have expired; and the Commissioner of Patents may, if he chooses, 
require the applicant to furnish specimens of the composition and of its 
ingredients, sufficient in quantity for the purpose of experiment. The 
law, however, does not require the applicant to furnish patients to be 
experimented on, and this may be the reason why the Commissioner 
has never demanded samples of the ingredients. By far the greater 
number of the owners of panaceas and nostrums are too shrewd to thus 
publish their secrets, for they can attain their purpose much better 
under the law for registering trade-marks and labels, designs for bot- 
tles and packages, and copyrights of printed matter, which are less 
costly, and do not reveal the arcanum. 

These proprietary medicines constitute the great bulk of what the 
public call “patent medicines.” 

The trade in patent and secret remedies has been, and still is, an 
important one. We are a bitters-and-pill-taking people; in the fried 
pork and saleratus biscuit regions the demand for such medicines is 
unfailing, but everywhere they are found. I suppose the chief con- 
sumption of them is by women and children—with a fair allowance of 
clergymen, if we may judge from the printed testimonials. I sampled 
a good many of them myself when I was a boy. Of course, these 
remarks do not apply to bitters. One of the latest patents is for a 
device to wash pills rapidly down the throat. 

According to the census of 1880 there were in the United States 592 
establishments devoted to the manufacture of drugs and chemicals, the 
capital invested being $28,598,458, and the annual value of the product 
$38,173,658, while there were 563 establishments devoted to the man- 
ufacture of patent medicines and compounds, the capital invested 
being $10,620,880, and the value of the product, $14,682,494.+ 

A patent automatic doctor, on the principle of “put a quarter in the 
slot and take out the pill which suits your case,” has been proposed, 
but this patent is said to be of Dutch and not of American origin. The 
idea of this may have come from Japan, for an old medicine case from 
that country which I possess has four compartments filled with pills, 
and the label says that those in the first compartment are good for all 


“For these figures, and other data used in this paper I am indebted to my {friend 
Mr. H. H. Bates, Examiner in Chief, in the Patent Office. 
tSee the Lancet, October 5, 1889, p. 683. 
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diseases of the head, those in the oad for al) diseases of the body, 
those in the third for all diseases of the limbs, and those in the fourth 
are asure vermifuge. 

From the commercial and industrial point of view the great impor- 
tance of patent and proprietary medicines is connected with advertising. 
The problem is to induce people to pay 25 cents for the liver-encourag- 
ing, silent-perambulating, family pills, which cost 3 cents. Some day 
I hope that the modern professional expert in advertising will favor us 
with his views as to the nature and character of those people who were 
induced to buy Jones’s liver pills or Slow’s specific by means of a huge 
display of these names on the sides and roofs of barns and outbuild- 
ings, which display forms such a prominent feature in many of our 
American landscapes, as seen by the traveller on the railway. I sup- 
pose there must be sucli people, for I have a high estimate of the busi- 
ness shrewduess of the men who pay for these abominations. I should 
also like to know how much a farmer gets for allowing his buildings to - 
be thus defaced. He must be hard-up;: indeed such a display indicates 
that the place is probably mortgaged and that the poor man is heavily 
in debt. 

Even the soap advertisers are not as ae as the nostrum-makers 
in this particular style of nuisance, although they far exceed them 
in Viciousness when it comes to applying art to ignoble purposes. The 
connection between progress in medicine and soap advertisements may 
not be clear to you; but it exists nevertheless, for many of these soaps 
make work for the doctors by producing skin troubles. 

Upon the whole, I should think that the number of people who would 
take some trouble to avoid purchasing an article which is thus adver- 
tised must be rapidly increasing, so that such displays will soon be no 
longer profitable. The great importance of advertising does not relate 
to the placard or chromo business, but to its relations to periodical 
literaturé—to the daily and weekly press and the monthly magazines 
and journals. 

To the establishment and support of some of our newspapers and 


journals, medical as well as others, these proprietary and secret medi- 


cines, cosmetics, food preparations, etc., have no doubt contributed 
largely. 

I am sorry to say that I have been unable to obtain definite informa- 
tion as to the direct benefits which inventions of this kind have con- 
ferred on the public in the way of the cure of disease or preventing 
death. Among the questions which were not put in the schedules of 
the last census were the following, namely: Did you ever take any 
patent or proprietary medicine? Ifso, what and how much, and what 
wastthe result? Some very remarkable statistics would no doubt have 
been obtained had this inquiry been made. I can only say that I know 
of but four secret remedies which have been really valuable additions 
to the resources of practical medicine, and the composition of all these 
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is now known. These four are all powerful and dangerous, and should 
only be used on the advice of a skilled physician. Most of such reme- 
dies have little value as curative agents, and some of them are prepared 
and purchased almost exclusively for immoral or criminal purposes. 

In France the sale of secret and patent medicines is not allowed 
unless they have been examined and approved by the National Academy 
of Medicine, and the same general rule holds good in Italy and Spain. 

The Japanese have followed the French method, and their experience 
isinteresting. The Central Sanitary Bureau established a public lab- 
oratory for the analysis of chemicals as a medicine. The proprietors of 
each of such medicines were bound to present samples, and the names 
and proportions of the ingredients, directions for its use, and explana- 
tions of its supposed efficacy. According to a report in the British 
Medical Journal, during the first year there were 11,904 applicants for 
license to prepare and sell 148,091 patent and secret medicines. Per- 
mission for the preparation and sale of 58,638 different kinds were 
granted, 8,592 were prohibited, 9,918 were ordered to be discounte- 
nanced, and 70,943 remained to be reported on, The great majority of 
those which were authorized were of no efficacy, but few being reme. 
dial agents; but their sale was not prohibited, as they were not found 
to be dangerous to the health of the people.* I do not vouch for these 
figures, which throw our records entirely in the shade. 

In 1849 a special committee of the U.S. House of Representatives 
reported to the House a bill to prevent the patenting of medicines, 
accompanied by areport. This bill provided that after the passage 
of the act letters patent shall not be granted for any article whatever 
as a medicine, provided that this shall not apply to machines, instru- 
ments, or apparatus. When the matter came before the House for 
consideration the bill was laid on the table. t 

You are all aware that the great majority of the medical profession 
consider it to be improper and discreditable for a physician to patent a 
remedy. The medical code of ethics declares that it is derogatory to 
professional character ‘for a physican to hold a patent for any surgical 
instrument or medicine; or to dispense a secret nostrum whether it be 
the composition or exclusive property of himself or others. For if such 
nostrum be of real efficacy, any concealment regarding it is inconsist- 
ent with beneficence and professional liberality; and if mystery alone 
give it value and importance, such craft implies either disgraceful 
ignorance or fraudulent avarice. It is also reprehensible for physicians 
to give certificates attesting the efficacy of patent or secret medicines, 
or in any way to promote the use of them.” Like all legislation, this is 
a formal declaration of the customs of the profession, which customs 
are of great antiquity. The principle upon which it is founded is thus 
expressed by Lord Bacon: “TI hold every man a debtor to his profes- 


“British Medical Journal, July 3, 1880, vol. 1, p. 24. 
t Congressional Globe, March 8, 1849, p. 697. 
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sion; from the which, as men of course do seek to receive countenance 
and profit, so ought they of duty to endeavor themselves by way of 
amends to be a help and ornament thereunto.” 

The rule, however, is not always adhered to by physicians, the most 
notable exception having been, perhaps, the use of Koch’s lymph 
before its composition was revealed. As regards the patenting of sur- 
gical instruments and apparatus, the opinion of the great majority of 
physicians is in accordance with the rule just stated, but there are 
some who question its propriety, although they obey it—and there are 
few who would not use a patented instrument in a case to which they 
thought it was applicable. 

The total number of surgical instruments and appliances- patented 
during the past decade has been about 1,200, the patents having been 
in almost all cases taken out by manufacturers. With these may be 
classed dentists’ tools and apparatus, of which about 500 have been 
patented during the last ten years, and in this field of invention the 
United States leads the world. The same may be said with regard to 
artificial limbs, of which our great war gave rise to many varieties. 

As you know, the law prescribes that a patent may be given for a 
“new and useful art, machine, manufacture or composition of matter.” 
I used to think that the word “useful” in this law had its ordinary 
meaning, and therefore wondered exceedingly as to why the Patent 
Office examiners allowed patents to certain things which came under 
my notice. One day, however, I received an article from the Patent 
Office, with the request for a report as to whether it was useful in the 
sense in which that word was used by the office, namely, “ not per- 
nicious or prejudicial to public interest—capable of being used ”—and 
then for the first time I understood one of the first principles of the 
patent law ot the United States, that is, that it does not take into con- 
sideration the degree of utility in the device, or, in other words, that 
‘useful ¥ means ‘“ harmless.” 

Ifa patent is granted to a medicine, it must be as a composition of 
matter as a special article of manufacture. The practice of the Patent 
Office in these matters is not generally understood. It does not now 
consider that medical prescriptions are inventions within the mean- 
ing of the law, or that a mere aggregation of well-known remedies to 
obtain a cumulative effect is a patentable composition of matter. A 
certain number of claims for Government protection in the form of 
patents or trade-marks are made for medical compounds or for apparatus 
under false pretenses; that is to say, the claim is for a new remedy for 
rheumatism or dyspepsia or displacement, with a warning against their 
use under certain conditions, the real design being that they are to be 
used under precisely these conditions in order to procure abortion, ete. 
These are sometimes difficult cases for the Patent Office to treat prop- 
erly, for the law does not allow a large discretion for refusal on mere 
suspicion, and where there is ostensible and possible utility (in the 
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Patent Office sense) it can hardly reject the claim on the ground that 
the invention might be used for immoral purposes. 

I said in the beginning that I can not on this occasion give any suf- 
ficient account of the progress of invention and discovery in medicine 
and sanitation during the century just gone. The great step forward 
which has been made has been the establishment of a true scientific 
foundation for the art upon the discoveries made in physics, chemistry, 
and biology. One hundred years ago the practice of medicine and 
measures to preserve health, so far as these were really efficacious, 
were in the main empirical—that is, certain effects were known to 
usually follow the giving of certain drugs or the application of certain 
measures, but why or how these effects were produced was unknown. 
They sailed then by dead-reckoning, in several senses of this phrase. 

Since then not only have great advances been made by a continuance 
of these empirical measures in treatment, but we have learned much as 
to the mechanism and functions of different parts of the body and as 
to the nature of the causes of some of the most prevalent and fatal 
forms of disease, and, as a consequence, can apply means of preven- 
tion or treatment in a much more direct and definite way than was 
formerly the case. For example, a hundred years ago nothing was 
known of the difference between typhus and typhoid fevers. We have 
now discovered that the first is a disease propagated largely by aerial 
contagion and induced or aggravated by overcrowding, the preventive 
means being isolation, light, and fresh air; while the second is due to a 
minute vegetable organism, a bacillus, and is propagated mainly by con- 
taminated water, milk, food, and clothing; and that the treatment of 
the two diseases should be very different. 

The most important improvements in practical medicine made in the 
United States have been chiefly in surgery, in its various branches. 
We have led the way in the ligation of some of the larger arteries, in 
the removal of abdominal tumors, in the treatment of diseases and 
injuries peculiar to women, in the treatment of spinal affections and of 
deformities of various kinds. Above all, we were the first to show the 
uses of anesthetics—the most important advance in medicine made 
during the century. In our late war we taught Europe how to build, 
organize, and manage military hospitals; and we formed the best 
museum in existence illustrating modern military medicine and sur- 
gery. Our contributions to medical literature have been many and val- 
uable; and our Government possesses the largest and best working 
medical library in the world. We have more doctors and more medi- 
cal schools, in proportion to the population, than any other‘country, 
and, while this is not good evidence of progress, I am glad to be able 
to say that the standard of aequirements in medical education has been 
and is now rising, and our leading medical schools are now being 
equipped with buildings, with apparatus, with laboratories, and, most, 
important of all, with brains, which enable them to give means of 
practical instruction equal to any to be found elsewhere. 
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As regards preventive public medicine and sanitation, we have not 
made so many valuable contributions to the world’s stock of knowledge, 
chiefly because, until quite recently, we have not had the stimulus to 
persistent effort which comes from density of population and its com- 
plicated relation to sewage disposal and water supplies; nor have we 
had the information relative to localized causes of disease and death, 
which is the essential foundation of public hygiene, and which can only 
be obtained by a proper system of vital statistics. We can, however, 
show enough and to spare of inventions in the way of sanitary appli- 
ances, fixtures, and systems for house drainage, sewerage, etc.; for the 
ingenuity of inventors has kept pace with the increasing demands for 
protection from the effects of the decomposition of waste matters as 
increase of knowledge has made these known to us. The total number 
of patents granted for sanitary appliances during the last decade (1880- 
1890) is about 1,175. If good fixtures necessarily involve good plumb- 
ing work we could easily make our houses safe so far as drainage is 
concerned; but a leaky joint or a tilted trap makes the best appliance 
worthless. The impulse to improvements in this direction has come 
mainly from England, where most of the principles of good work of this 
kind has been developed; but we have devised some details better 
adapted to our climate and modes of construction, and while many of the 
patent traps and sewer-gas excluders are only useful in the patent-law 
sense, and some not even in that, it is nevertheless true that the safety, 
accessibility, and good appearance of plumber’s work has been largely 
increased during the last few years by patented inventions. Much the 
same may be said with regard to heating appliances, including venti- 
lating stoves and fireplaces, radiators, etc., but I am unable to express 
any enthusiam with regard to what are commonly called patent venti- 
lators. 

No doubt the greatest progress in medical science during the next 
few years will be in the direction of prevention, and to this end mechan- 
ical and chemical invention and discovery must go hand in hand with 
increase in biological and medical knowledge. Neither can afford to 
neglect or despise the other, and both are working for the common 
good. If the American patent system has not given rise to any spe- 
cially valuable inventions in practical medicine, in law, or in theology, 
it must be due to the nature of the subjects, and not to any fault of the 
system. 


ENDOWMENT FOR SCIENTIFIC RESEARCH AND PUBLI- 
CATION.* 


By ADDISON Brown. 


Twenty years ago Prof. Tyndall delivered in New York and in other 
cities of this country a series of lectures upon light. The last of the 
series was an impressive plea for a more thorough prosecution of 
original research in pure science; and incidentally, for the need of en- 
dowments to maintain it. I was fortunate in having the opportunity 
to listen to that remarkable course of lectures, and to that plea for 
science. Its impression has never left me. The impression was the 
deeper, because Tyndall set upon it the seal of self-denial. Some $30,000, 
nearly the entire net proceeds of his lectures in the United States— 
money for which he undoubtedly had abundant use in his own affairs, 
or at least in the prosecution of researches in his own country, and which 
by all precedent and the example of other lecturers he would have taken 
with him—this he has given to the science of this country, endowing 
therewith, in 1885 three scholarships for the prosecution of original 
research in physics, one under the direction of Columbia College, one 
under Harvard, and a third at the University of Pennsylvania. 

The truths uttered and the example set by this self-denying master 
have already many times borne fruit. The late President Barnard, of 
Columbia College, who was a warm supporter of Prof. Tyndall when 
here, bequeathed to Columbia upon his decease a few years since the 
sum of $10,000 for the endowment of another fellowship for the encour- 
agement of scientific research, upon substantially the same terms as 
those of the Tyndall scholarships. In other parts of the country there 
have been some other endowments for similar purposes. In the last 
year Columbia has also received $100,000, the munificent bequest of Mr. 
Da Costa, for the establishment of the departmentof biology. Although 
this bequest is not primarily for the prosecution of original research, 
it is not restricted by hampering conditions, and will to some extent, it 
is hoped, admit of a direct and continuous support of the highest and 
most advanced studies. 


“WMO, at ‘ie facut joint meeting of the Scientific Alliance of New York, 


November 15, 1892, (Pamphlet Report, pp. 18-41.) 
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The appeal made by Tyndall has been often renewed by scientific 
men; by the heads of universities; by the presidents of scientific asso- 
ciations, here and abroad; and by none, perhaps, more eloquently than 
by Dr. Edwin Ray Lancaster, in his address before the biological sec- 
tion of the British Association at Southport, in 1888. 

What shall we say to the call and the examples of such men? Was 
the gift of Tyndall based only upon an idle fancy? Or was it the result 
of a clear perception of a profound truth, viz, America’s need of that 
money as a stimulus and support to more scientific research; the call 
on him being felt to be the more imperious, because the need of it was 
so plain to him, while obscure to others; and making his act, therefore, 
a noble instance of self-renunciation in an unappreciated cause? 

“To keep society as regards science in healthy play,” he says, ‘three 
classes of workers are necessary : 

“1, The investigator of natural truth, whose vocation it is to pursue 
that truth and extend the field of discovery for truth’s own sake, with- 
out reference to practical ends. 

“92, The teacher, to diffuse this knowledge. - - - 

‘©3, The applier of these principles and truths to make them availa- 
ble to the needs, the comforts or the luxuries of life. - - - 

‘“‘These three classes ought to co-exist and inter-act. The popular 
notionsofscience - - - oftenrelate, not to science strictly so called, 
but to the application of science.” 

The great discoveries of scientific truth, he continues, are “‘not made 
by practical men, and they never will be made by them; because their 
minds are beset by ideas which, though of the highest value in one point 
of view, are not those which stimulate the original discoverer.” 

In a chance conversation, a few weeks since, I received a confirma- 
tion of these words, so direct and wiexpected, that it may bear citation. 
I was talking with an electrical expert who had made several very in- 
teresting and important inventions. I asked him of how much impor- 
tance he conceived that the scientific men of the closet, the original 
investigators, so-called, had been in working out the great inventions 
of electricity during the last fifty years—the telegraph cables, tele- 
phones, the electric lighting, and the electric motors; and whether’ 
these achievements were not in reality due, mainly, to the practical 
men, the inventors, who knew what they were after, rather than to the 
men of science, who rarely applied their work to practical use? 

‘Not at all,” he said, “the scientific men are of the utmost impor- 
tance; everything that has been done has proceeded upon the basis of 
what they have previously discovered, and upon the principles and 
laws which they have laid down. Nowadays we never work at random. 
Look at that electric light! Of the energy expended in producing it, 
only 7 per cent appears as light; the rest, 93 per cent, is wasted, mainly 
in heat. We are all now trying to prevent this enormous waste. I 
want to reverse that proportion; but if TF can reduce the waste to only 
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33 per cent, a patent of my invention will be worth millions of dollars 
for its economy in production. In seeking this we do not work at ran- 
dom. I go to my laboratory; study the applications of the principles, 
facts, and laws which the great scientists like Faraday, Thompson, and 
Maxwell have worked out, and endeavor to find such devices as shall 
secure my aim.” 

This is but an expression, in another form, of what Tyndall said 
twenty years ago: ‘ Behind all our practical applications, there is a 
region of intellectual action to which practical men have rarely con- 
tributed, but from which they draw all their supplies. Cut them off 
from that region, and they become eventually helpless.” 

What is true in one department of natural science is, I apprehend, 
equally true in all. The practical men do not work at random, but upon 
the basis of what scientific research and publication have previously put 
within their grasp. 

It is evident theretore that not only the advancement of knowledge 
itself, but all possibility of any continuous advance in those great im- 
provements which are to mitigate the sorrows, and promote the health, 
the conveniences and the comforts of men, is vitally dependent upon 
the progress of scientific tesearch. In recent years how marvellous 
have these improvements been! - Besides those that are most common 
and familiar to all, what miracles, almost, have been achieved through 
the photograph, the spectroscope, the microscope; by the discovery of 
the sources of fermentation and of putrefaction; by the discovery of 
anesthetics and the application of antiseptic methods in surgery, and 
in the treatment of other lesions! ‘Fhese latter discoveries alone have 
ameliorated beyond expression the sufferings of man; they save more 
lives than war and pestilence destroy, surpassing even in that regard 
the safety lamp of Sir Humphrey Davy—an invention which, at the 
time it was made, was said to have exceeded every previous discovery 
as a means of saving human life, except, possibly, inoculation for 
smallpox. 

This vital relation between the advancement of knowledge and the 
welfare of man furnishes an all-sufficient reason for the continuous and 
never-ending prosecution of original research. Of necessity the original 
work of discovery must always lead; that must always precede the 
practical applications. The necessity for such research must, there- 
fore, continue, so long as science and human society endure. As there 
is no limit to the advance of knowledge, so there can be no limit to the 
benefactions it is capable of conterring upon mankind. The more rapid 
the advance, the more speedy the enjoyment of its fruits. In this 
relation alone, the need of ample provision for scientific progress is one 
that addresses itself equally to the nation, to the state, to philan- 
thropists, and to all who would advance the welfare of man, on the 
broadest and most enduring lines. 

How shall such research be maintained and extended? The investi- 
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gator of pure science does not work for profit. His discoveries are not 
marketable. The law allows no patent upon a principle of nature or 
the discovery of a new truth. Newton could not patent the law of 
gravitation, nor Volta the galvanism of the voltaic pile; nor Ehrenberg 
and Schwann, the discovery of the widespread influence of bacteria; 
nor Faraday, nor Henry, electro-magnetism; nor Joule, his correlation 
of forces; nor Jackson, his anesthetics; nor Lister, his antiseptic treat- 
ment; nor Koch nor Pasteur, their discoveries of the bacilli, the 
destruction of which may lead to the cure or amelioration of terrible 
diseases. To the practical men and to the inventors, on the other 
hand, who apply to the specific wants of men the truths and principles 
which the scientists have made known to them, the law, in the form of 
a patent, gives a monopoly of from fourteen to twenty-one years. They 
thus obtain, as a rule, a reasonable, and, in some cases, even an exces- 
sive, pecuniary reward. In this country alone nearly 500,000 patents 
have been issued; they are increasing at the rate of about 25,000 per 
year. In the extreme multiplicationof patents affecting a large part of 
everything we use, the whole world, it might almost be said, is paying 
tribute to the inventors and practical men; while to the original dis- 
coverers who have made so much of all this possible, there is no promise 
of pecuniary reward. ' 

This is not said by way of complaint. In the nature of things, it is 
scarcely avoidable. The aims, the motives, the methods, and the genius 
of the two classes of minds, are and ever must be widely distinct. Orig- 

nal discoverers can not be turned aside from their special work to be- 
come mechanics and inventors without infinite loss. Prof. Henry had 
one form of the electric telegraph in actual use some years before Morse 
conceived it.* But how great would have been the loss to science, 
without any corresponding gain, had Prof. Henry in 1830 turned away 
from pure science to do the subsequent work of Morse in adapting the 
telegraph to common and valuable use! 

Research in pure science can never be made a self-supporting pur- 
suit. It can never therefore be carried forward broadly, and contin- 
uously, and effectively, except through men sustained by some form of 
stipend or endowment. Occasionally, it is true, men of independent 
fortune, like Harvey, and Darwin, and Lyell, and Agassiz, have de- 
voted themselves to original research upon their own means, and have 
accomplished most important results. But these instances are rare. 
Many other persons, too, with aptitudes and tastes for research, though 
not following a scientific career, have carried on private researches in 
the intervals of leisure, stolen from the exacting demands of profes- 
sional or business life; and these have, in the aggregate, added no 
small amount to the common stock of knowledge. 

It is no disparagement however of these subordinate workers to say 
that nearly all the great discoveries, and nearly all the great advances 


“Smithsonian Report, 1878, pp. 159, 262, 


ENDOWMENT FOR SCIENTIFIC RESEARCH. 625 


along the lines of knowledge, have been achieyed by men who in the 
main have devoted their lives to the work, and have been supported 
through institutions or endowments which made this devotion possible, 
Government appointments, professorial chairs, or salaried positions in 
Scientific institutions of some kind, have been and must continue to be 
our chief dependence. And it is manifest that these can only be main- 
tained by Government aid, or by the bounty of private individuals. 
The former 1s mainly the European system; the latter, in the main, is 
ours. There, universities are founded by the government; here, chiefly 
by the people. 

In Germany there are twenty-one universities maintained by the Gov- 
ernment. In each of these, as Dr. Lancaster states, there are five in- 
dependent establishments in the department of biology alone, viz, in 
physiology, anatomy, pathology, zodlogy, and botany. At the head of 

each of these establishmeuts there is a professor, with two paid assist- 
ants, making altogether about 300 for biological research in Germany 
and he estimates about one-quarter of that number in the same depart- 
ment in England. In all the sciences, therefore, there would probably 
be found in Germany from 800 to 1,000 persons of high scientific attain- 
ments, supported by the Government in the universities, who are regu- 
larly and systematically engaged in the discovery of new scientific truth. 
For it is there made both the object and the duty of the professors of 
natural science to carry on original investigations by work in the lab- 
oratory. Their positions are obtained through previous distinction in 
such investigations, and it is for this work that their small but fixed 
stipend is paid by the Government. 

In the College de France, also maintained by the Government, there 
is the same requirement, though with a larger salary to the professors, 
and with the added duty imposed on them to deliver to the students 
about forty lectures yearly upon the subjects of the professors’ re- 
searches; While in Germany the professors also receive from each stu- 
dent who attends their lectures, a moderate fee, which serves to in- 
crease their meager stipend, as well as to stimulate their activity and 
usefulness. Under this system, Germany has become the greatest 
school of science, and the resort of the whole world. 

In this country the opposite system prevails. The colleges and uni- 
versities are mainly private foundations, dependent on private gifts 
and endowments. The colleges are unwisely mutiplied. All are more 
or less cramped for money. This limits the number of professors and 
assistants appointed for instruction, and crowds them with routine 
work. The result is that in all but a few colleges, and in these until 
comparatively recently, the duties of instruction have left to the pro- 
fessors but little time or opportunity for the prosecution of original in- 
vestigations; and these with but poor equipment and inadequate 
means. 

In not one of all our colleges and universities, so far as I have been 
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able to ascertain, is there a single professorship endowed or founded, 
even in part, for the avowed object of original scientific research. In- 
struction, not discovery, is the only avowed object. It is to the great 
credit of American professors and teachers that, with so much routine 
work on their hands, and so little leisure for research, they should 
have accomplished by purely voluntary studies so much as is shown in 
their contributions to our scientific publications. 

To whatis said above, perhaps a virtual exception should be made as 
respects our astronomical observatories, in which, the labors of in- 
struction being less, original work has been perhaps expected, and 
has been accomplished with most signal success. To some extent this 
may possibly apply to our medical schools also. And in other depart- 
ments, generally, wherever time and opportunity have been afforded, 
much original work has been done by our professors; some of it of the 
first class. This is attested, not to mention living instances, by the 
work of Prof. Henry at Princeton, Dr. Torrey at Columbia, Dr. Silli- 
man at Yale, Dr. Gray at Harvard, and many others that might be 
named. Ina number of the States, also, and at Washington, there 
have been maintained by the State or Nation a number of scientific 
men, in connection with certain State or national interests, who have 
accomplished most important results; of these, Dr. James Hall, of this 
State, is a conspicuous instance. At Harvard and at other colleges 
some noble opportunities for special study have been also provided in 
their scientific schools and museums; notably in the zodlogical museum, 
the Jefferson Physical Laboratory, and the Peabody Museum of Arche- 
ology at Cambridge, and also in the department of hygiene at the Univer- 
sity of Pennsylvania. But in most of these the great complaint is the 
lack of neccessary endowments to make possible the active advanced 
work in original discovery for which those institutions are designed. 
In the Peabody Museum there was in 1891 a gift of $10,000 by Mrs. 
Hemenway to establish a post-graduate fellowship; and also a gift of 
like amount by Mr. Wolcott, for the general support of the museum’s 
work. New York also has within a few years past seen spring up al- 
most aS by magic, through the efforts of a single leading spirit, sec- 
onded by other public spirited men and women, and by municipal aid, a 
museum of vatural history that bids fair to stand in the front rank of 
scientific opportunities; but the endowments of fellowships and pro- 
fessors necessary to make its opportunities available in active re- 
search are as yet wanting. 

England holds a position midway between the United States and 
Germany. Her scientific men lament her deficiencies. They are striv- 
ing to increase their means for scientific work, and are doing so yearly. 

If experience teaches anything, itis that no broad and general de- 
velopment of scientific work of the first class is possible, except either 
through independent establishments for special work, or else by the 
university system, in which professors in science and their assistants 
are first selected on account of their previous distinction in original 
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research, and are then appointed to continue that work, and in the 
teaching of students, to transmit to them the zeal of discovery and the 
true methods of advance. 

It matters little whether the support of the university or of special 
institutions for research comes from the Government or from private 
endowment, provided the provision is adequate and constant. The 
difficulty with us has been, and still is, that funds are insufficient, the 
means and equipment inadequate, and the time allowed to the pro- 
fessors for research insufficient. There has been too much of the 
schoolmaster, and too little of the real professor. Too great absorption 
of the professor’s time in the work of instruction is injurious to both 
teacher and pupil. The most stimulating of teachers is he-who by 
daily experiment is in vital touch with Nature,—he who brings from the 
fires of the laboratory the warmth, the illumination, and the inspiration 
of his own researches. 

This is now well recognized; and so far as their means will permit, 
the leading colleges are by degrees relieving their professors of the 
work of elementary instruction, so that they may the better prosecute 
original researches, and at the same time become best qualified for the 
highest work of instruction. This system will doubtless demand 
watchfulness and discrimination. To prevent abuses, regulation and 
responsibility may have to be imposed. But it involves the appoint- 
ment of additional instructors. It requires added means. And this is 
indispensable as a part of the transition of our leading colleges to the 
university system. It is mdispensable, also, if we are to have in this 
country any considerable systematic prosecution of original research. 
We must use existing instrumentalities and existing institutions. And 
all experience shows that outside of the few Government positions, and 
in the absence of special institutions for research, the professorial chairs 
are best adapted to such investigations. No greater service could be 
done to science than to make such endowments as should insure Sys- 
tematie and continuous research by the professors as a part of the new 
university system. 

Endowments for the same object, and operating in the same line, 
might also take a different form, viz., the endowment of several pro- 
fessorial fellowships, each, say, of $1,000 annual income; to be con- 
trolled and awarded by some independent scientific body (such as this 
Alliance might afford) for distinction in active scientific investigations, 
either within the country or within the State. I know of no more 
quickening impulse to original scientific research than such as would 
be given to it by those means. 

How backward we have been in this country, through the lack of 
proper endowments, in making use of the best existing opportu- 
nities for research, may be illustrated by a single instance. Some 
twenty years ago a school was established at Naples for the prosecu- 
tion of marine biological research. It is most thoroughly equipped, 
and, being a general resort, is the most advantageous for study in 
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the world. It is maintained by a charge of $500 per year upon 
each table occupied, each occupant being entitled to all the ad- 
vantages of the institution. Of these tables, the German States for 
several years have taken thirteen; Italy, eight; Austria, Russia, Spain, 
and England, each three; Switzerlind: Belgium and Holland, each 
one; the United States, antl 1891, none, except one table eappoed 
by Williams College for two years, and one by the University of Penn- 
sylvania for one year. Prior to that time about fifteen other American 
students in all had obtained places at the tables taken and paid for by 
other nations. In 1890, this arrangement was prohibited by the admin- 
istration of the institution; and the right to a table in 1891, was secured 
to Americans, only through the private benefaction of Maj. Alex. 
Henry Davis, of Syracuse. For the year 1892, the use ofa table has 
been secured through a subscription started by the American Associa- 
tion for the Advancement of Science, toward which the Association 
itself granted out of its scanty funds $100 and was the means, I be- 
lieve, of procuring the rest.* 

We have not however been wholly without some such means of 
study in this country through the marine biological laboratories estab- 
lished some years ago at Newport and at Wood’s Holl, by Prof. Alex. 
Agassiz. The former has been now enlarged so as to accommodate 
eight advanced students, besides the professor and his assistant.t The 
Johns Hopkins University also has supplied some opportunities of this 
kind by its summer school, formerly at Beaufort; later, at Jamaica; 
but at present, as I understand, it is without any permanent location. 

Our neighbor, the Brooklyn Institute, has organized similar investi- 
gations, on a minor scale, during the summer months at different places 
on Long Island. But what is needed for the most effective work, is 
suitable endowments for professors and advanced students, in connec- 
tion with an adequate biological laboratory, such as the Newport one 
enlarged might afford, equal in means and equipment to that at Naples, 
or at least to that roel completed, largely through private enter- 
prise, at Plymouth, England.i 


*See Proc. American Association A, S. 1891, vol. xu, p. 449-451. 

t Report Harvard Col., 1891, p. 182. 

{In his address befor the American Association for the Advancement of Science, 
in 1891, President Prescott, referring to this general subject, said: 

“To nurture investigation in science is the largest.opportunity before the American 
people. Research, systematic and wisely directed, requires good organization and 
strong support, the support of many powers. It must have the support of able and 
persistent men. It needs the conference of workers, and the dissemination of knowl- 
edge in societies like this. It wants the interest and the confidence of the public. 
It asks and will always obtain the constant, helpful use of the press. It requires 
distinet provision in colleges, and in the institutions of higher education. It ought 
to be sustained expressly by the Government, both in the several States and ae 
the United States, and sustained on broad and permanent foundations. Still 
needs private henefactions. Research is the giowth of years. Letit be the aoa 


ofall, and let this call find utterance everywhere,”—Proceedings Am, Agssoc.,1891, vol. 
XL, p. 440. 
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Immediately connected with our colleges and universities is another 
field, in which additional endowments are greatly needed, viz: for fel- 
lowships in science for post-graduate studies. 

Upon the post-graduate workers, the future of science, and the re- 
cruits for future teachers and professors, must necessarily depend. In 
that view the importance of post-graduate endowments in science can 
scarcely be magnified. The great majority of the young men from 
whom all the new recruits must be drawn have little or no pecuniary 
means. After graduating, often through many difficulties, they must 
face the question of their future calling. They must consider what 
promise of a reasonable and comfortable support a life devoted to sci- 
ence affords. If this risk should not deter them, still there are many 
with talents of a high order who would be absolutely unable to proceed 
further in the advanced scientific studies necessary to qualify them to 
enter upon remunerative scientific work, or to obtain situations as pro- 
fessors or assistants, except by the aid of substantial endowments for 
their support, during the three or four years more of necessary assidu- 
ous study. 

In the stress of modern life, and in the allurements towards more 
certain pecuniary results, nothing but such endowments can avert the 
withdrawal from scientific pursuits of many young men of high promise, 
whose genius and tastes and ambition strongly incline them to science, 
and who would be secured to it if this temporary support were afforded. 

The endowments of our colleges and universities in aid of post-gradu-. 
ate work in science are much less, I suppose, than is commonly 
imagined. I find no such support for post-graduate work in science, 
either at Cornell University, at the University of the City of New 
York, at Brown University, at Amherst, or even at the Johns Hopkins 
University. No statement of the endowments of the new Clark Uni- 
versity at Worcester has as yet been published. Princeton, though 
having a hundred under-graduate scholarships, has but one post-gradu- 
ate fellowship for science; Yale but two,—the Silliman and the Sloane 
Fellowships. 

Columbia College has two fellowships expressly restricted to science, 
viz.: The Tyndall Fellowship of $648 annually, and the Barnard Fel- 
lowship, before referred to, of about $500 annually. Besides these, 
however, twenty-four general university fellowships have been estab- 
lished, of $500 each, for post-graduate study, of which eighteen are in 
present operation. About one-third of these are assigned to science; 
making now eight for science at Columbia, with probably two more in 
1893 or 1894. In architecture, moreover, there are three additional 
noble post-graduate fellowships at Columbia, the Schermerhorn of 
$1,300 annually, and the two McKim Fellowships of $1,000 each, to 
support study in foreign travel. In the Medical Department, also, 
there are five valuable prizes for proficiency. 
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The University of Pennsylvania has the Tyndall Followahin before 
referred to; and, in the Department of Hygiene, an admirable labora- 
tory fitted up by Mr. Henry C. Lea, with a fellowship of $10,000 en- 
dowed by Mr. Thomas A. Scott, at present applied to original research 
in bacteriology. 

At Harvard, besides the three Bullard Fellowships of $5,000 each, 
established in 1891, to promote original research in the medical school, 
there are two post-graduate fellowships restricted to science exclu- 
sively; namely, the Tyndall Fellowship of about $500 annually, and 
the income of the recently established Joseph Lovering Fund, the prin- 
cipal of which is now about $8,000. There are also eleven other gen- 
eral fellowships, viz: The Parker, the Kirkland, and the Morgan Fel- 
lowships, available for promising graduate students in any branch, of 
which about five have been usually assigned to science. These fellow- 
ships give an income of from $450 to $700 a year. Harvard has also 
forty-six scholarships available for graduate students, varying in in- 
come from $150 to $300 each, of which about seventeen are assigned 
to science. During the last year, according to the report of Prof. 
Pierce, the dean, there were 193 applications for those post-graduate 
fellowships and scholarships, seventy-one of which were in science. 
Only one-third of the applicants could receive the aid. The Dean adds: 

“The number of appointments is still very insufficient to meet the 
demands of promising students who wish to enter the graduate school 
and are unable to do so without assistance.”* The tables published 
by him indicate that a considerable number of those not aided with- 
, (ew from science; and that many others who were entered for the 
first year in the graduate school, would, if not aided, afterwards leave. 
It is gratifying to observe the further fact, so encouraging also for the 
young graduates who wish, if possible, to enter upon a scientific career, 
that all who had enjoyed these fellowships for the full term of three 
years, and did not continue their studies further abroad, at once 
received honorable positions. 

From the above synopsis it appears that in all these colleges (and 
I know of no other similar fellowships elsewhere) there are only about 
twenty-six adequately endowed post-graduate fellowships in science. 
As these should be continued for at least three years, there is provision 
altogether for only about nine per year—not one-fourth the number 
required to supply the annual loss in our 150 colleges, to say nothing 
of the increasing demand through the growth and improvements in 
the colleges themselves. As it is from such specially trained students 
that the great professors of the future must be drawn, the need of 
much greater endowments for new recruits is apparent. 

In England the aids afforded by fellowships in their universities are 
familiar to all. Sir Isaac Newton, who is to modern science, what 
Shakespes we 18 1n literature, was sustained from his student days sue- 
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cessively in a scholarship, a fellowship, and as professor at Trinity 
College at Cambridge. Besides those aids, The Royal Commissioners 
of the Exhibition of 1851 instituted last year (1891) “Exhibition 
science scholarships” for advanced students, to which $25,000 yearly 
is to be applied in sums of $750 each. Last year sixteen appointments 
were made, to be held for two and probably for three years by students 
who show capacity, and “who advance science by experimental work.”* 

On. this subject a most interesting discussion took place last year in 
the French Academy of Science. On April 27, 1891, the Secretary 
read the following extract from the will of the late M. Cahours, a de- 
ceased member of the Academy: 

“JY have frequently had the opportunity of observing, in the course 
of my scientific career, that many young men distinguished and en- 
dowed with real talent for science found themselves obliged to aban- 
don it, because before beginning they had no efficacious help which 
provided them with the first necessities of life, and allowed them to 
devote themselves exclusively to scientific studies. 

“With the object of encouraging such young workers, who for want 
of sufficient resources find themselves powerless to finish works in 
course of execution, - - - I bequeath to the Academy of Sciences 
- - - 100,000 francs, - - - the interest to be distributed yearly 
by way of encouragement to any young men who have made them- 
selves known by some interesting works, and more particularly by 
chemical researches; - - - as far as possible to young men with- 
out fortune, not having salaried offices, and who, from want of a suffi- 
cient situation, would find themselves without the possibility of follow- 
ing up their researches. These pecuniary encouragements ought to 
be given for several years to the same young men, if the Commissioner 
thinks their productions have sufficient value; - - - to cease 
when they shall have other sufficiently remunerative positions.” 

M. Janssen, then addressing the Academy, said: 

“This affords an example to all who hereafter may desire to encour- 
age the sciences by their liberality. M.Cahours, who knew the urgent 
necessities of science, had, like most of us, become convinced of the 
need of introducing a new form of scientific recompenses. 

“Our prizes will always continue to meet a great and noble necessity. 
Their value, the difficulty of obtaining them, and the eclat they take 
from the illustriousness of the body that grants them, will always make 
them the highest and most valuable of recompenses. But the value 
also of the works it is necessary to produce in order to lay claim to 
them, forbids them to beginners. It is a field only accessible to ma- 
tured talents. But there are many young men endowed with precious 
aptitudes, inclined to pure science, but turned very often from this 
envied career by the difficulties of existence, and taking with regret 
a direction towards more immediate results. And yet many among 
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them possess talents, which, if well cultivated, might do honor and 
good to science. - - - These difficulties are increased every day by 
the marked advance of the exigencies of life. 

‘“We must find a prompt remedy for this state of things, if we do not 
wish to see an end of the recruitment of science. This truth is begin- 
ning to be generally felt. The Government has already created insti- 
tutions, scholarships, and encouragements, which partly meet the neces- 
sity. Some generous donors are also working in this manner. I will 
mention specially the noble foundation of Mlle. Dosne, in accordance 
with whose instructions a hall is at this moment being built, where 
young men, having shown distinguished aptitudes for high administra- 
tion, for the bar, or for history, will receive for three years all the 
means of carrying on high and peaceful studies. Let us say then 
plainly (and in speaking thus we only feebly echo the words of the 
most illustrious members of the Academy), that it is by following the 
way so nobly opened by Cahours, that the interests and prospects of 
science will be most efficaciously served.”* 

Huxley is said to have once stated that “any country would find it 
to its interest to spend $100,000 in first finding a Faraday, and then 
putting him in a position where he could do the greatest amount of 
work.” It is the post-graduate endowments that must first find and 
retain to science the Faradays of the future. 

A notable instance of the need and value of such aid is found in the 
recently appointed head of a great university, who by such endowments 
alone, here and abroad, it is said, was enabled to prosecute his studies 
for ten years successively, reaching thereby the front rank in his chosen 
department of philosophy. 


HE 


Another department in great need of pecuniary support is that of the 
learned and scientific societies. In these England is pre-eminent. Our 
own societies have endeavored to follow, so far as they could, their 
English models. The English societies have rendered to science inval- 
uable service in three main lines: 

1. In providing ample means for the publication of scientifie papers, 
showing the progress and the results of their scientifie work. In this 
every society has taken part. 

2. In the direct maintenance of original research, in which the Royal 
Institution has been most conspicuous. 

3. In the award of prizes for scientific distinetion; but still more 
important, in the distribution of pecuniary aid, for the prosecution of 
special scientific researches. 

(1) Of these, I regard publication as, perhaps, the most important; 
not only because it puts the world in possession of what has been done 
by investigators; but because the very fact that there are means of 
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publication, is one of the greatest incitements to complete and thorough 
original scientific work. 

Of the English societies the Royal Society is the oldest, having been 
chartered in 1662. It has published 181 volumes of Transactions and 
about 50 volumes of Proceedings. For these purposes, in 1881 the 
expenditure was between $11,000 and $12,000. It has property to the 
value of about two-thirds of a million of dollars, more than half of which 
is in trust funds, held for scientific uses. The income on the trust 
funds in 1891 was about $17,500.* In 1828 Dr. Wollaston in giving it 
$10,000 in 3 per cent. consols “to promote scientific researches,” 
charged upon the society ‘not to hoard the income parsimoniously, 
but to expend it liberally for the objects named.” 

The Royal Institution of Great Britain was founded in 1779, largely 
through our countryman James Thompson, of Rumford, Vt., afc ds 
Count Rumford. In 1888 it had property and invested funds for general 
purposes to the amount of $350,000, and about $40,000 of invested 
funds for the maintenance of its three professors. In 1887 it expended 
about $2,000 in publications, and it has issued about 40 volumes.t 

The Linnean Society, now furnished by the Government with per- 
manentaccomimodations in Burlington House, free of rent, was founded 
by Sir James IE, Smith in 1788, and is devoted to botany and zodlogy. 
Its property amounts to about $32,000, but it has no endowed funds 
for scientific investigation. For some years past its receipts, mainly 
from contributions, have been about $10,000 a year, of which one-half, 
about $5,000, is spent on its publications, which now number nearly 50 
volumes of Transactions in quarto, aud as many more of its Journal. 
In 1888 $7,000 were expended in publication.t 

Next in order of time is the British Association for the Advancement 
of Science, founded in 1831. It is sustained chiefly by yearly contribu- 
tions. Its invested funds amount to about $62,000. Its income and 
contributions are about $10,000 annually, out of which it appropriates 
from $6,000 to $7,000 per annum for the encouragement of scientific 
investigations, and about $1,800 annually for its yearly volume of pro- 
ceedings. Its publications now number twenty-five volumes.§ 

The Ray Society was founded in 1844. It was named after the Rey. 
John Ray, who lived from 1628 until 1705. Haller, himself one of the 
greatest scientists of his time, writing in 1771, in the full light of Lin- 
neeus’ fame, calls Ray “the greatest botanist within the memory of man.”|| 
The society has published about fifty volumes of scientific works of the 
highest importance. I have not seen any statistics concerning its means 
or acquisitions; nor have I found any financial report of the scientific 
societies of Edinburgh or Dublin. 

oo) 2 oceedings, 1891, vol. L, p. 235. 

t Report, 1888, p. 13. 

t Proceedings [May 4, 1888], 1890, pp. 15, 45. 
§ Report, 1891, pp. Ixxxviitoc. 76. 
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(2) Of these societies, only the Royal Institution directly supports 
professors for scientific research. It has two laboratories, one chemical 
and one physical. These were re-built in 1872, “in order that original 
discovery might be more effectively carried on.” The society was founded 
for the declared purpose of “promoting scientific and literary research.” 
It has three professors,—one in chemistry, one in physics, and one in 
physiology. Davy, Faraday, Tyndall, and others who have spent their 
lives there, have made its annals immortal. 

(3) In stimulating research by the appropriation of moneys for spe- 
cific objects, the Royal Society and the British Association are the chief 
agencies. Besides some of its own funds, the Royal Society distributes 
annually £4,000, or $20,000, granted by the Government “for the ad- 
vancement of science.” This has been done by applying it to numerous 
purposes; in 1891, for fifty-seven different scientific objects, in sums 
ranging from $25 to $3,000 each; not confined to natural science alone, 
but including ethnology and magnetic surveys. Most of the grants 
were in sums of about $350 or less.* 

The British Association has disbursed annually for the last forty 
years from $6,000 to $7,000 per annum, upon the same system of 
dividing it up for numerous specific purposes; usually from thirty to 
forty objects yearly, the grants being in sums ranging from $25 to $1,000. 
The grants are called for and Erpenien for the specific purpose named, 
and under the direction of some prominent scientific man. Scientists 
like Sir William Thompson, and others of like renown, have had the 
administration of many of these grants. These have included for the 
last six years (save in 1890), the appropriation of $500 per year for a 
table in the Naples Marine Laboratory.t 

We have no single society in this country, save the Smithsonian, that 
can rival in importance those that I have named in England. And the 
Smithsonian is not a society, but an institution, established by one 
man, and hean Englishman. This Institution, based upon the bequest of 
James Smithson, was founded by act of Congress of August 10, 1846. 
I doubt whether in any country or in any age the bequest of half a 
million of dollars has ever been followed by such beneficent results, or 
has ever so profoundly effected the life of science in any country, as 
the Smithsonian Institution has done in America during the last forty- 
four years of its existence. This has been owing (1) to the wisdom and 
the profound scientific insight of Prof. Henry, its first secretary and 
director; and (2) to the corps of able assistants and successors whom 
his spirit and policy have inspired. Its publications number 26 quarto 
volumes of Contributions to Knowledge, 40 volumes ‘of Miscellaneous 
Collections, and 44 volumes of Annual Reports. Its Contributions to 
Knowledge rival, if they do not excel, in rarity and importance, the 
pubes of sony. other society ae 3 the same pen iod. Its expendi- 
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ture in publications is about $12,500 a year. Under Prof. Henry a 
good deal was done in research. Under Prof. Langley, the present 
director, astro-physical research is carried on. Besides the direct 
scientific work of the Institution, however, its influence has been very 
great, especially in its relations with the other departments at Wash- 
ington, and as a medium for the prosecution of other scientific enter- 
prises, under authority of Congress. Many of the appropriations of 
Congress for scientific expeditions for researches in ethnology, paleont- 
ology, chemistry, and physics have been due to the presence and co-op- 
eration of the Smithsonian Institution. For ethnologic researches 
alone, during the last twelve years, under the administration of the 
Smithsonian, Congress has appropriated $400,000; to paleentologic 
researches within the last three years, $160,000; to chemical and phys- 
ical research, $68,000; and to astro-physical research, $10,000. Be- 
sides these, there have been for many years appropriations for main- 
taining the important investigations of the Coast and Geodetic Survey, 
and of the Weather Bureau in Meteorology; and for the great scien- 
tific work of the Naval Observatory, and of the various scientific divis- 
ions of the Agricultural Department and of the Geological Survey. 
Our Government has been by no means inactive in science. 

The principal American scientific associations, omitting those of 
comparatively recent origin, are the American Philosophical Society of 
Philadelphia, originally founded in 1744; the American Academy of 
Arts and Sciences at Boston; the Boston Society of Natural History; 
the Academy of Natural Sciences, and the Franklin Institute, at Phil. 
adelphia; the latter founded in 1824 (see Journal, vol. I, pp. 71, 129); 
the New York Academy of Sciences (a continuation of the Lyceum of 
Natural History); the National Academy of Science at Washington, 
founded in 1863; and the American Association for the Advancement 
of Science, Of these, the Philosophical Society has published 29 vol- 
umes of its Transactions; the American Academy, 26 volumes of 
Transactions aud 9 quarto volumes of Memoirs; the Boston Society of 
Natural History, 25 volumes, at a cost of about $600 per year; the 
Academy of Natural Science of Philadelphia, 48 volumes of Proceed- 
ings and 12 quarto volumes of its Journal, at an average cost of about 
$1,000 per year; the Franklin Institute, 133 volumes of its Journal; 
the New York Academy and its predecessor, about 30 volumes of 
Transactions and Annals; the National Academy, 3 quarto volumes of 
Memoirs and some volumes of Proceedings; and the American Associ- 
ation for the Advancement of Science, about 40 volumes of Proceed- 
ings. ; 

The latter society had in 1891 a ‘Research Fund” of $5,254. (Pro- 
ceedings 1891, p. 441.) None of the other societies, so far as I can find, 
has any fund specially devoted to research, or makes any specific 
appropriations therefor. The National Academy and the Academy of 
Philadelphia have each some funds for their support, and the latter also 
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he Jessup Fund for students in science, on which the income is about 
$550 yearly. The Philosophical Society from time to time awards the 
prize established by John Hyacinth de Magellan in 1786, an oval gold 
plate, “for the most useful discovery or invention in navigation or 
science.” One of the earliest awards of this prize was for painting 
lightning rods with black lead. 

The American Academy of Arts and Sciences awards a gold and 
silver medal from a bequest of $5,000, made to it by Count Rumford, 
who in 1796 made a similar bequest to the Royal Society. In 1888 this 
prize was most worthily awarded to Prof. Michelson for his researches 
in light.* 

The Boston Society of Natural History has a general fund, of which 
the income is about $6,000. It has also a small Walker prize fund 
and a grand prize fund, from which in 1884 it awarded a grand prize 
of $1,000 to James Hall, of Albany, ‘‘for his distinguished services to 
science.” It also administers the expenditure of about $2,700 a year 
for instruction in laboratory work, drawn from the Boston University, 
and $1,500 from the Lowell fund for the instruction of teachers.t 

From this comparison of the voluntary associations, it appears that 
the property, endowed funds, and equipment of the English societies 
named are nearly tenfold greater than the American, and their publi- 
cations double; while for direct original research, our societies main- 
tain no laboratories and no professors, as is done by the Royal Institu- 
tion. The English societies distribute yearly from $25,000 to $30,000 
for from sixty to seventy-five different scientific purposes, while ours 
make no such appropriations, simply because they have no funds. To 
supply this deficiency there is need of large endowments. 

The publications of our societies are valuable; the papers have often 
been of a high character, rivaling those published abroad. But the 
funds available for publication are insufficient; it is always a question 
of means. There are a press and surplus of valuable scientific matter, 
which either is not printed at all, or only gets printed by special sub- 
seriptions for the purpose. This ought not to be. After valuable 
original matter has been produced with great pains and without hope 
of pecuniary reward, nothing is more discouraging to future research 
than tha even publication can only be had as acharity. This I know, 
from repeated personal applications, is the condition of things in New 
York at this moment. It is not creditable that in a State and country 
like ours there should be practically nowhere adequate provision for 
even the publication of the researches of those who work for nothing 
but their love of science and its progress. There is very great need of 
a considerable publication fund, in the hands of some scientific body, 
through which every valuable contribution to science, not otherwise 
BEOvuICOY for, might be ensured a speedy aE AUe, after it has been 
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found worthy, as in the practice of the Linnean Society, first by a 
critical expert in the particular department, and then by the council 
of publication.* 

The stimulus moreover to scientific research that would be imparted 
by the distribution of comparatively small sums, such as are given by 
the Royal Society and by the British Association, would also be very 
great; nor is there any reason why the founding of professorships for 
the express purpose of prosecuting original research in our scientific 
societies, after the model of the Royal Institution, should not in time 
be followed by results equally brilliant, and equally beneficial to man- 
kind. 

I have endeavored to point out three main directions in which there 
is urgent need in this country of pecuniary endowments. 

(1) In relief of professors during the transition of the colleges from 
the school-master system to the university system, whereby all profess- 
ors in science shall become actively enlisted in the prosecution of original 
discovery as a part of their duties. 

(2) In providing for the future recruits in science, by more endow- 
ments for post-graduate study. 

(3) By endowments of our scientific associations, both directly to 
promote original research, and especially also to supply larger means 
of publication. 

It is gratifying to perceive what beginnings have been recently made 
in response to the needs of science. Only a short time since, in 1885, 
Mrs. Elizabeth Thompson, of Stamford, Conn., gave $25,000 to a board 
of trustees of which Dr. Bowditch, of Boston, is president, for the 
“advancement of scientific research in its broadest sense.” The in. 
come is annually distributed in sums of from two hundred to five hun- 
dred dollars. 

Mr. Hodgkins, of Setauket, Long Island, has recently bequeathed 
to the Smithsonian Institution $200,000, the income of one-half of which 
is to be devoted to research into the properties of atmospheric air. 

Columbia College has, during the past year, received from Mr. De 
Costa’s estate, before referred to, $100,000 for biology; Harvard, the 
Joseph Lovering fund, above stated ; $10,000 from Henry Draper for the 
photography of stellar spectra; the endowments in archeology, above 
named; and some smaller gifts for various scientific purposes. The 
University of Chicago and some other institutions have also received 
important gifts, not to mention those yet to be realized to other colleges 
from the estate of Mr. Fairweather. 

By a recent bequest of Charles Lenning, the Academy of Sciences of 
Philadelphia will, in time, receive $20,000; while half a million of dol- 
lars will go to the University of Pensylvania in aid of instruction in 
theoretical and practical mechanics, and $200,000 to maintain scholar- 
ships. At this University, also, a superb structure for the “ Wistar 
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Institute of Anatomy” is now building by Gen. Isaac J. Wistar, ata 
cost of about $200,000, including endowments designed for original re- 
search.* 

Our reliance in this country must be mainly upon private endowments 
and an intelligent appreciation of the needs of science. The national 
Government has done, and is doing, much in certain directions. But 
aside from the dispositions of legislators, it is restricted by the provi- 
sions of the Federal Constitution, and by debated questions of constitu- 
tional right. State aid is not thus hampered; but State aid is difficult 
to obtain, to any adequate degree, on account of the previous habits, 
prejudices, and political training of the people. No doubt this ought 
not so to be. The State of New York ought, abstractly considered, to 
maintain one university of-the first class equal in every department to 
any in the world. But the multiplication of institutions already exist- 
ing, local jealousies, and aversion to State taxation, make this now 
probably impracticable. 

The remedy is with the people, and through their own voluntary 
methods. It is the people who have made our Government, its insti- 
tutions, its methods, and the great aggregate, whatsoever it is, such as 
we see it to-day. Wealth is rapidly accumulating; much of it in the 
hands of those who, springing from the people, bear the love of the 
community in their hearts; and when they and the people at large shall 
come to see that the cause of scientific advance and the discovery of 
all new truth are in the deepest sense their cause, responses will, I be- 
lieve, come to every urgent need; until the work of the people, by its 
own methods, shall, even in science, be able to confront, without shaine, 
the best work of the monarchies of the Old World. 


*Since the above was written an additional million of dollars has been given by 
Mr. John D. Rockefeller to the University of Chicago, making $3,600,000 given by 
him alone to that institution within less than three years, a munificence hitherto 
unexampled in private endowments, soine portions of which, it is hoped, will be 
available for the maintenance of original scientific research, 


THE INVENTORS OF THE TELEGRAPH AND TELEPHONE.* 


By Prot. THomAs GRAY, F. B.S. E. 


The word telegraph was introduced about one hundred years ago as 
a name for a means of conveying intelligence to a distance by means of 
signs. The signs were produced in a variety of ways, as, for example, 
by the shapes or positions of bodies placed on high poles, or by letters 
or words of sufficient magnitude similarly exposed. The meaning of 
the word telegraph, interpreted by its original use, would thus be to 
write or make signs at one place in such a way that they could be read 
or interpreted at a distant place. It appears, therefore, that so long 
as we confine our attention to early methods of telegraphing, the signs 
or signals were made at the sending station and read from the receiv- 
ing station. Modern usage gives a slightly different meaning to the 
word, namely, a means of producing visible, audible or written signs 
at a distance. That is to say, the signs are to be produced at the re- 
ceiving station. This was first accomplished on an extensive scale and 
at great distances by means of electricity. Methods of transmitting 
sounds, or even speech, to ‘moderate distances by means of tubes and 
by means of what we now cali string or mechanical telephones have 
however been known for several centuries. 

Methods of conveying intelligence to a distance have been known 
and used ffom very early times. Fires seem to have been the earliest 
means employed for giving signals, and we find such signs referred to 
in the writings of the Prophet Jeremiah, of Eschylus, of Polybius, and 
others. Schottus, in his Technica Curiosa, proposes the application of 
the telescope to view posts erected on an eminence at a distant station, 
and on which signs were to be placed. The Marquis of Worcester, in 
his Century of Inventions, enumerates a day and anight telegraph; and 
Kessler, in his Concealed Arts, proposes to cut out letters in boards and 
make them visible at a distance by placing them over the end of a cask 
in which a light is burning; the letters or other characters being ex- 
posed in proper succession any message can be transmitted. 

One of the earliest telegraphs of which we have now a direct repre- 
sentative was the flag signals introduced about the middle of the sev- 


* An dices on ee occasion of the C OnE onal ibis ition of the Pecanintie of 
the United States Patent Office, dcliveredin Washington. (Proceedings and Addresses, 
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enteenth century by the Duke of York (afterward James II, of England), 
who was at that time admiral of the English fleet. This was the 
beginning of the flag telegraph still used for communicating between 
‘ships at sea, originally introduced for the purpose of directing the 
manceuvers of the fleet. In 1684, Dr. Robert Hook communicated to 
the Royal Society of London a proposal for a telegraph. In this 
method the signs were to consist of bodies of different shapes placed on 
high poles in an exposed position. Some years afterwards a similar 
method was proposed to the Academy of Sciences by M. Amontons, a 
French natural philosopher. In 1767 Mr. R. L. Edgeworth proposed 
to telegraph by means of the arms of a wind-mill, the positions of the 
arms of the mill to be used to indicate the signals. In 1784, the same 
author proposes to make the signals indicate numbers, and to interpret 
by means of vocabularies of numbered words. In 1794, the semaphore 
telegraph of M. Chappe was adopted by the French Government. This 
telegraph consisted of a high post and two bars of timber, the middle 
one pivoted to one end of the other, and the free end of this second 
bar pivoted to the top of the post, so that the whole of the motions 
could take place in a vertical plane. The positions, relative to the 
vertical or horizontal, of the two arms indicated the signal. These and 
other modifications of the semaphore have been at various times used, 
and are still used on railways for train signals. 

The chief interest of these early telegraphs—a great many forms of 
which might be enumerated—is in illustrating the fact that some means 
of conveying intelligence to a distance quickly and without a messen- 
ger has, from the earliest times, been recognized as of great importance. 
It is well also to keep before us the things that have been done in 
earlier times when we attempt to judge of the advances which have 
been made by modern invention. 

The telegraph of to-day is almost entirely electrical, and in its pres- 
ent form it is of comparatively recent growth. It may be well, how- 
ever, in this branch also to glance briefly at the early history of the 
subject. To begin with what we may call the fable period, we find in 
the year 1617 an allusion in one of Strada’s Prolusiones Academice to 
the belief that there existed a sympathy between needles which had 
been touched by a species of loadstone, which caused them always 
to set parallel to each other if they were free to take up such positions. 
Two such needles, it was said, could be used to convey intelligence to 
any distance, because if they were pivoted on ecards marked with let- 
ters or words and the card properly placed, so that corresponding 
letters occupied similar positions, when one needle was made to point 
to any letter or mark the other needle would immediately point to the 
corresponding mark on its card. The same belief is referred to by 
Galileo in one of his dialogues in 1632, and again by the Abbe 
Barthelemy in a work entitled “Voyage du Jeune Anarcharsis,” pub- 
lished in 1783. So far this may be said to be mere fable, but it 
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gives an idea what were then looke | upon as possibilities in magnet- 
ism, and we can hardly help comparing with these ideas some almost 
equally extraordinary ones which are occasionally expressed at the 
present day with respect to electricity. 

The discovery of Stephen Gray, in 1729, that the electrical intluence 
could be conveyed to a distance by means of an insulated wire, is prob- 
ably the first of direct influence in connection with telegraphy. As 
aresult of this discovery, and the investigations which followed it, we 
find a considerable number of proposals to use electrical forces for the 
transmission of intelligence. The first of these of which there is any 
record was made by Charles Morrison, of Renfrew Scotland, in a let- 
ter to The Scots’ Magazine, Edinburgh, for February 17, 1753, and 
signed ‘*C. M.”* As many insulated wires as there were characters 
to be signaled were to be erected between the two stations. At the re- 
ceiving station the ends of the different wires were to be connected toa 
series of balls, underneath which the characters, printed on light pieces 
of paper, were to be placed. If any one of the wires became electri- 
fied by the distant end being put in contact with the source of electric- 
ity, the character under the ball on the end of it would be attracted 
and thus indicate the signal. An interesting modification was sue- 
gested in the same letter, namely, to replace the balls by a series of 
bells of different pitch, arranged in such a way that when the wires 
became electrified they would discharge into the bells and cause them 
tosound: - - - ‘the electric spark, breaking on bells of different 
size, will inform his correspondent by the sound what wires have been 
touched; and thus, by some practice they may come to understand the 
language ofthe chimes in whole words without being put to the trouble 
of noting down every letter.” A similar telegraph was invented in 1767 
by Joseph Bozolus, a Jesuit and a lecturer on natural philosophy in 
Rome. (See a Latin poem, entitled ‘Mariani Partheni Electrocorum,” 
in vi Libros, Roma, 1767, p. 34.) In 1774, a telegraph on the same prin- 
ciple was established by Le Sage. In this system each wire termi- 
nated in a pith-ball electroscope, and the signals were read in accord- 
ance with the indications of these electroscopes, of which twenty-four 
were used. This telegraph was improved upon by Lomond in 1787, 
one wire only being used, and a code of signals forming the means of 
interpretation. A similar proposal was made by Betancourt in the 
same year and again by Cavallo im 1795. The latter proposed to use 
combinations of sparks as a code of signals. In 1794, Reizen proposed 
to cut letters out of tin foil, leaving a series of short interruptions of 
the tin foil at short distances apart, so that a discharge of electricity 
around the tin foil would illuminate the letter by a series of sparks. 
This method of producing illuminated patterns is still a comraon class- 
room experiment in physical lectures. The next to propose the use of 


«The ten of the identity of ‘C. M.” is discussed in “A History of Electric 
Telegraphy,” by J. J. Parte (London, 1884), pp. 68-77, 
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static electricity for telegraphic purposes seems to have been Ronalds, 
of Hammersmith, in 1816. In this telegraph the letters were printed 
on a disk which was mounted on the seconds arbor of a clock. One of 
the clocks was placed at the sending and the receiving stations, and 
arranged to bring corresponding letters simultaneously opposite a small 
window in the dial of the clock. When the proper letter was exposed 
a signal was sent by means of a pith-ball telegraph. This telegraph 
was more complicated than several which have been mentioned above, 
and required two clocks going synchronously. 

In the year 1767 an important observation was made by Sulzer. He 
found that when two plates of different metals were placed one above 
and the other below the tongue, a peculiar sensation and taste were felt 
when the metals touched each other outside the tongue. Sulzer failed 
to find the explanation of this phenomenon, and no further advance 
was made until the well-known frog experiments of Galvani gave fresh 
impetus to the subject. The discoveries of Volta and the invention of 
the voltaic pile shortly followed. In the same year (1800) an attempt 
to close the circuit of a voltaic battery by means of a drop of water led 
Nicholson and Carlisle to the discovery that water is decomposed by 
the galvanic current. 

This gave rise to the galvanic or electrolysis telegraphs of Sé6mmer- 
ing. Coxe, and Sharpe, and is the basis of all the chemical printing and 
copying telegraphs which have in more recent times been produced. 
Sémmering’s telegraph was invented in 1809, and was similar in prinei- 
ple to that of Morrison, except that the decomposition of water and 
consequent accumulation of gas in a series of tubes gave the necessary 
indications. To call attention, it was proposed in connection with the 
telegraph to liberate an alarm by means of an accumulation of gas. 

Prof. Coxe, of Pennsylvania, described a similar telegraph in 1810, 
and proposed to use either the decomposition of water or of metallic 
salts. Mr. J. R. Sharpe proposed a voltaic telegraph in 1813, and 
exhibited it before the Lords of the Admiralty, “who spoke approy- 
ingly of it, but added, that as war was over and money searce, they 
could not carry it into effect. (See Repertory of Arts, Second Series, 
VOIX KIX, p.020:) 

Perhaps the most important electrical discovery in its influence on 
telegraphy was made by Romagnési, of Trente, in 1805, but received 
little attention and no development until it was re-discovered by 
Oersted in 1819. This was the discovery that a wire conveying an 
electric current is capable of deflecting a magnetic needle. In the 
“Mowing year Schweigger discovered that the deflecting force was 
creased when he wound the wire several times round the needle, 
These two discoveries formed the foundation for the construction of the 
galvanoscopes and galvanometers sinee so much used in connection 
with electrical appliances and measurements, One of the most exten- 
sive applications has been to telegraphy, 
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Galvanoscopic, or, as they have been more commonly called, needle 
telegraphs resulted very shortly from these discoveries. In this field 
of invention we find, prominent among the early workers, the distin- 
guished names of Ampere, Gauss, and Weber. Ampere proposed a 
multiple wire telegraph with galvanoscope indicators in 1820. A modi- 
fication of Ampére’s telegraph was carried out by Ritchie, and after- 
wards exhibited in Edinburgh by Alexander. In this telegraph thirty 
wires were used, twenty-six for the letters of the alphabet, three for 
signs of punctuation, and one for the end of a word. The galvanoscope 
needles each carried a small screen which in its normal position cov- 
ered the letter, but which, on the passage of a current through the 
wire, was drawn aside, exposing the letter to view. The transmitting 
keys were arranged like the keys of a piano-forte. With the excep- 
tion of the use of galvanic instead of static electricity this telegraph 
was not much in advance of the proposal of Morrison. A single cir- 
euit telegraph was invented in the year 1828 by Tribaoillet, who also 
used a galvanoscope as the indicator. 

In 1832, a five-needle telegraph was invented by Schilling, who also 
used a single needle and single circuit telegraph, using reverse cur- 
rents and combinations of signals for an alphabet. Models of this 
telegraph were made and exhibited before the Emperor Alexander 
and others, but Schilling unfortunately died before an y practical result 
was attained. In 1833, Schilling’s telegraph was developed to some 
extent by Gauss and Weber, who used it for experimental purposes, 
The chief modification introduced by these experimenters was the sub- 
stitution of induced currents, produced by the motion of a coil of wire 
surrounding a bar magnet, for the galvanic currents used by Schilling. 
The following translation of a part of a report of the magnetic observa- 
tions of these physicists given in Poggandort’s Annalen, XXXI, p. 
568, is qaoted from Sabine’s Hlectric Telegraph: ‘There is, in connec- 
tion with these arrangements, a great and until now in its way novel 
project, for which we are indebted to Prof. Weber. This gentleman 
erected during the past year a double-wire line over the houses of the 
town (Gottingen) from the Physical Cabinet to the Observatory, and 
Jately a continuation from the latter building to the Magnetic Observa- 
tory; thus an immense galvanic chain (line) is formed, in which the 
galvanic current, the two multipliers at the ends being included, has 
to travel a distance of nearly 9,000 (Prussian) feet. The line wire is 
mostly of copper, of that known in commerce as ‘No. 3,’ of which one 
meter weighs eight grams; the wire of the multipliers in the Mag- 
netic Observatory of copper, ‘No. 14,’ silvered, and of which one gram 
measures 2.6 meters. This arrangement promises to offer opportunities 
for a number of interesting experiments. We regard, not without 
admiration, how a single pair of plates, brought into contact at the 
further end, instantaneously communicates a movement to the maguetic 
bar, which is deflected at once for over a thousand divisions of the 
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scale.’ And further on in the same report: The ease and certainty 
with which the manipulator has the direction of the current, and there- 
fore the movement of the magnetic needle, in his command, by means 
of the communicator, had a year ago suggested experiments of an 
application to telegraphic signaling, which, with whole words and even 
short sentences, completely succeeded. There is no doubt that it would 
be possible to arrange an uninterrupted telegraph communication in 
the same way between two places at a considerable number of miles 
distance from each other.” 

The method of producing the currents in Gauss and Weber’s exper- 
iments was an application of the important discoveries of Faraday 
and Henry in the induction of currents by currents and by magnets, 
which have since borne so very important fruit in the field of dynamo- 
electric machinery. . 

On the recommendation of Gauss this telegraph was taken up by 
Steinheil, who, following their example, also used induced currents. 
The important contributions of Steinheil were the discovery of the 
earth circuit, made while attempting to use the rails of a railway as 
telegraphic conductors; the invention of a telegraphic alphabet and a 
recording telegraph. Of these the discovery of the earth circuit, made 
in 1837, has proved of great value. An interesting description of 
Steinheil’s telegraph, together with illustrations of the magneto-electrie 
and recording apparatus used on the line erected in 1837, between 
Munich and Bogenhausen, will be found in Sturgeon’s Annals of 
Hlectricity (vol. ut). This account, written by Steinheil himself, 
shows that he had at that time an excellent appreciation both of the 
mechanical and electrical properties which a good practical electric 
telegraph should have, and also that he was well versed in the knowl- 
edge then existing of electrical science. The relative merits of scopie, 
acoustic, and recording telegraphs are discussed, and the advantages, 
which experience has since brought into prominence, of the acoustic 
telegraph is pointed out. A very good discussion of the most econom- 
ical method of arranging signals for a telegraphic alphabet will also 
be found in this paper. 

Schilling’s telegraph, which we have just seen, was the model on 
which Gauss and Weber's, and, therefore, also Steinheil’s telegraphs 
were based, was, as we shall see presently, also the basis of Cooke’s, 
and of Cooke and Wheatstone’s needle telegraphs. 

Previous to the date which we have now reached (1837), another 
epoch-making discovery had been made, which has had great influ- 
ence on telegraphy. This was the discovery of the magnetizing 
influence of the current. The discovery of Oersted was followed by 
Ampere in a long series of researches, in which, among other things, 
he established the mutual attractions and repulsions of wires carrying 
currents, the fact that the voltaic element itself acts on a magnet like 
any other part of the circuit, and that a spiral of wire forming part 
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of a circuit, would magnetize steel needles. In the same year M, 
Arago found that a wire conveying an electric current attracted iron 
filings, and in 1824, the law of the variation of magnetic force with 
varying distance from the wire was investigated by Barlow. In 1825, 
Sturgeon found that a bar of soft iron was rendered temporarily mag- 
netic if surrounded by a helix of wire through which an electrie cur- 
rent was passing. In the year 1827, Ohm propounded his celebrated 
law of the conduction of currents. In 1831, Faraday in England, and 
Henry in America, discovered the induction of currents by currents 
and by magnets. We see from these leading facts that in the twelve 
years succeeding Oersted’s discovery the knowledge of electricity and 
of magnetism in the directions important for telegraphic application 
was very great, and we shall see that it quickly bore fruit. 

Schilling’s telegraph was exhibited at a meeting of German natu- 
ralists held at Bonn in 1835, and was there seen by Prof. Muncke, of 
Heidelberg, who, after his return to Heidelberg, made models of 
the telegraph and exhibited them in his class room. These models 
were seen by Cooke in the early part of 1836, and gave him the idea 
of introducing the electric telegraph in England. Cooke immediately 
set to work to construct a telegraph on a similar plan, and worked out 
a three-needle system of signals, which has been to some extent con- 
founded ~with the five-needle telegraph afterwards patented and 
introduced by him in conjunction with Wheatstone. While arrang- 
ing for experiments on the London and Manchester Railway, 
Cooke was introduced to Wheatstone, and afterward consulted him 
as to difficulties he had met with in his experiments. A partnership 
soon followed, which Jed Wheatstone to devote considerable attention 
to the subject. The result has been the production of a considerable 
variety of telegraphic apparatus of great value and ingenuity. 

Steinhei] was anticipated in the idea of making the electric tele- 
graph self-recording by Morse, of New York, who, according to a con- 
siderable amount of evidence brought forward by Morse himself, 
thought out some arrangement as early as 1832. Exactly what Morse’s. 
first ideas were seems somewhat doubtful, and he did nothing till 1835,, 
when he made a rough model of an electro-magnetic recording tele- 
eraph. This telegraph consisted essentially of a pendulum, whicl» 
carried a marking pencil on its lower end, and which could be deflected 
by an electro-magnet. The deflections of the pendulum were recorded 
on a band of paper, which was moved forward by clockwork under 
the pendulum, and simple combinations of deflections were to repre- 
sent numbers. The interpretation of the message was to be made by 
means of a telegraphic dictionary, in which the words, phrases or sen- 
tences were to be numbered. There was no hint at this time of the 
alphabet with which we are now so familiar as the “Morse Code” or 
the “Morse Alphabet.” This alphabet now almost universally used 
and which has probably done more than anything else toward, perpet- 
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uating the name of Morse, being that which perpetuates the name 
“Morse System,” was not invented by Morse but by Vail, who was 
associated with him in the development of the telegraph.* The dic- 
tionary of numbered words proposed by Morse was proposed by 
Edgeworth in 1794, in connection with his semaphore telegraph. The 
model made in 1835 shows little mechanical ingenuity. The method 
of transmitting the signals, which was by means of type moved 
thiough a contact-making device, was somewhat crude and much less 
convenient than the simple make-and-break circuit devices of several 
previous workers; and the electro-magnet used to deflect the pendu- 
lum showed almost complete ignorance of the principles then known 
of electro-magnetism. The chief points of interest in connection with 
the early history of the Morse telegraph lie in the proposal to use 
electro-magnetism as the motive force to move the recording pendulum 
and the idea of making the telegraph self-recording. Morse made 
positive claims to have been the first to do both of these, and it seems 
proper that his claim should be examined. 

After the discovery of Sturgeon in electro-magnetism became known 
among scientific men the subject was taken up by Prof. Henry, who 
was then teaching physics in Albany Academy. An account of part 
of Henry’s experiments was published in Silliman’s American Journal 
of Science, for January, April, and July, 1831. 

The following, among other things, were subjects of investigation in 
these experiments: The laws which govern the magnetizing effect of a 
helix under varying conditions as to number of turns in the helix, na- 
ture or arrangement of the battery, and length of the external circuit; 
the carrying power of magnets having different kinds of winding and 
different lengths of wire in the coils; the construction of an electro- 
magnetic engine. The transmission of power to a distance by means 
of his electro-magnetic engine. Among the applications were the clos- 
ing of a distant electric circuit by means of the armature of an electric 
magnet, the coils of which were included in another circuit passing 
through an operating or transmitting station, and the transmission of 
signals to a distance by causing the armature of an electro-magnet. to 
strike a bell each time a current was sent through the coils of the mag: 
net from the transmitting station. The latter of these applications was 
illustrated by means of a model apparatus included in a long cireuit of 
wire taken several times round one of the rooms in Albany Academy. 
The following claims made in this connection by Professor Henry are 
well founded, and deserve quotation : 

(1) Previous to my investigations the means of developing magnet- 
ism in soft iron were imperfectly understood, and the electric magnet 
which then existed was inapplicable to the transmission of power to a 
distance. 

(2) 1 was the first to prove, by actual experiment, that in order to 


*See Smithsonian Report for 1878, p. 341-844, 
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develop magnetic power at a distance a galvanic battery of “intensity” 
must be employed to project the current through the long conductor, and 
that a magnet surrounded by many turns of one long wire must be used 
to receive this current. 

(3) I was the first to actually magnetize a piece of softiron ata dis- 
tance, and to cail attention to the fact of the applicability of my exper- 
iments to the telegraph. 

(4) L was the first to actually sound a bell at a distance by means of 
the electro-magnet. 

“(5) The principles | had developed were applied by Dr. Gale to ren- 
der Morse’s machine effective at a distance.” 

It is to Henry, undoubtedly, that is due the credit not only of first 
pointing out the application of electro-magnetism to telegraphy, but 
also of supplying the requisite knowledge of how to make magnets suit- 
able for the transmission of signals through long distances, which ren- 
dered the practical application possible at that time. Besides this, we 
see that Henry actually constructed an experimental line and made the 
first electro-magnetic sounder, which consisted of a receiving magnet 
with a polarized armature, one end of which was attracted by a mag- 
net and the other end to sound a bell. Again, in the method of closing 
one circuit by means of a magnet in another circuit, we have the elec- 
tro-magnetic relay, afterwards re-invented by Morse and others, and 
now very widely used on long telegraph circuits both for closing “local 
circuits” and for ‘“ translation.” 

The eredit of inventing the electro-magnetic telegraph was claimed 
by, and has usually been, popularly at least, given to Morse. There has 
been some dispute as to who first suggested the electro-magnetic tele- 
graph, the idea of it having arisen out of a conversation among the pas- 
sengers on board the ship Sully during a passage from France to New 
York in 1832. Dr. Jackson, of Boston, claimed to have been the originator 
of the idea, and it seems not unlikely that information which he is said 
to have given with reference to the early experimental telegraphs then 
being worked on and exhibited in various parts of Kurope did originate 
the idea. Itis notclear however that the use of the electro-magnet was 
suggested by Jackson, and there issufficient evidence to show that Morse 
had had opportunities of seeing a copy of Sturgeon’s magnet in Prof. 
Dana’s laboratory in New York, The magnet made by Morse was itself 
almost an exact copy of this, and it was only after failure withit that he 
appealed to Dr. Gale for assistance. Dr. Gale gave the necessary in- 
formation and supplied the materials for making the change, afterwards 
informing Morse that he had learned how to arrange such an apparatus 
from the writings of Prof. Henry. Probably the idea of using an 
electro-magnet was original with Morse. He did not know of Henry’s 
work or indeed anything about the subject beyond the few experi- 
ments in which he had seen Sturgeon’s magnet used, and would natu- 
rally turn to that means of obtaining motive force. It is not necessary, 
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however, when giving Morse due credit for his originality, to ignore the 
fact that, although unknown to him, the scientific part of the invention 
had already been worked out by Henry, and besides that, through Dr. 
Gale, Morse actually made use of Henry’s discoveries before he suc- 
ceeded in making his scheme practicable. Morse afterwards objected 
to Henry’s claims, which were brought before the public by enforced 
testimony in the law courts, and not by any individual motion on 
Henry’s part. The public have lauded Morse and have paid him liber- 
ally for the little he actually did, while it was with great difficulty that 
Congress could be persuaded to make a petty allowance to Henry’s 
family, although he had been for many years a public servant, and 
besides had probably added more than any other man to the scientific 
reputation of the United States. Many people think that scientific 
men ought not to patent their discoveries. Which is the better known 
name, Henry or Morse? Would not Henry have gained both in popu- 
larity and in scientific reputation if he had patented and made the 
publie pay liberally for his discoveries? 

From the brief sketch just given it will be seen that in looking over 
the history of the early endeavors to produce a telegraph many ideas 
have been brought forward as to codes of signals, alphabets, telegraphic 
dictionaries, methods of calling attention by alarm apparatus, methods 
of arranging and operating the circuits, and so on, that only required 
an efficient motive force to render them practical and reliable systems. 
In reviewing the subject, therefore, we are forced to the conclusion that 
the telegraph was not the invention of any man, but the result of a 
gradual growth toward which many minds, some of them the ablest 
the scientific world has known, have contributed. 

We have now reached a stage in the history of this subject when in- 
ventors may be said to have had the fundamental principles of the sub- 
ject, as it now stands, before them and we have simply to look for de- 
velopments. These developments have been great and of a very varied 
character. It is impossible in this address to do more than sketeh a 
few of their leading features. 

As already stated, the telegraph of Schilling, through a model 
exhibited by Prof. Muncke, of Heidelberg, gave the ideas of an elee- 
tric telegraph to Cooke in the year 1836. It appears, also, that Wheat- 
stone was aware of these early experiments, and had himself paid 
some attention to the subject. His experiments on the velocity of elec- 
tricity, made in 1834, are sufficient to show that he was at that time 
aware that signals could be produced at the end of long circuits of 
wire by electrical means. The joint work of Cooke and Wheatstone 
led, within a few years, to considerable improvements in the needle 
telegraphs. The various forms of needle telegraph used by them, 
resulting in the final adoption of the single-needle system, for a 
long time extensively used in England, were passed over in a few 
years. Various modifications of the needle telegraph were, Somewhat 
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later, patented by the brothers H. and BE. Highton, including an inter: 
esting form in which the current was passed through a strip of gold 
leaf placed in front of the pole of a magnet. Hach time the current 
passed the gold leaf was deflected, and thus served in place of au 
index needle. 

A patent was granted to Wheatstone and Cooke in 1840 for improve. 
ments in giving signals and sounding alarms at distant places by 
means of electric currents. In this patent the first form of the letter- 
showing, dial, or A, B, C telegraph, as it has been variously called, is 
described. Improvements were subsequently made in this apparatus 
by Wheatstone, and several modifications have been made by other in. 
ventors, of which the best known are Brequet’s, Froment’s, Siemens’, 
Chester’s, Kramer’s, Siemens and Halske’s, and Hamblet’s.~ The first 
apparatus devised by Wheatstone was actuated by voltaic electricity, 
but in the later forms magneto-electricity was applied. One or other 
of these methods has been used in the other forms of apparatus for 
the same purpose. Wheatstone also worked on a type-printing tele- 
graph, which was a modification of his A, B, C instrument, but it 
never came into practical use. Probably the greatest achievement of 
Wheatstone, judged at least by its practical results, was his automatic 
recording telegraph, which is so largely used for press and other long 
dispatches in England, and which has attained to marvellous speeds 
for a mechanical recorder. 

Morse’s telegraph first came before the Patent Office in the form of a 
caveat filed by him on the 3d of October, 1837. The following inven- 
tions were specified: First, a system of signs by which numbers, and 
consequently words and sentences, are signified; second, a set of type, 
adapted to regulate and communicate the signs, with rules in which 
to set up the type; third, an apparatus called the port rule, for regu- 
lating the movement of the type rules, which rules, by means of the 
type, regulate the times and the intervals of the passage of electricity ; 
fourth, a register, which records the signs permanently; fifth, a dic- 
tionary, or vocabulary of words, numbered and adapted to this sys- 
tem of telegraph; sixth, modes of laying conductors to preserve them 
from injury. 

This caveat gives a good idea of the invention by Morse of the re- 
cording telegraph previous to his partnership with Vail. The partner- 
ship was agreed upon in September, 1837, and according to it Mr. Vail 
undertook to construct at his own expense and exhibit before a com- 
mittee of Congress one of the telegraphs ‘of the plan and invention of 
Morse;” that he should give his time and personal services to the 
work, and assume the expense of exhibiting the apparatus and of pro- 
curing patentsin the United States. In consideration, Vail was to re- 
ceive one-fourth of all the rights in the invention in the United States. 
Provision was also made for securing to Vail an interest in any foreign 
patents which he might furnish the means to obtain.* A large amount 


* See I°. L. Pope in the Century Magazine, vo. XXxv, p 924 et seg 
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of documentary evidence bearing on the development of the telegraph 
exists in the possession of Mr. Vail’s family, and in the National Mu- 
seum at Washington, From this evidence there seems no doubt but 
that Morse assumed and has been accorded very much more than his 
share of the credit of the invention of the telegraph as it is now known. 
The patents taken out in Morse’s name included many important im- 
provements which were entirely due to Vail, and for which Morse 
promised to give him credit, a promise which was never publicly re- 
deemed. The alphabet now used was, as I have already said, worked 
out by Vail, who, it appears, first began its formation by an attempt 

_to classify the letters of the alphabet according to frequency of occur- 
rence, with the view of giving these letters to simplest signs. After 
working on this for some time, it occurred to him that valuaole infor- 
mation might be obtained in a printing office, and a visit to an adja- 
cent newspaper oftice showed him the whole problem solved in the 
printers’ type tray. The alphabet which he afterwards formed is still 
used in this country and also, with some simplifications, as a European 
and international code. The modification of the recording apparatus 
from the vertical pendulum and recording pencil to the compact instru- 
ment with a horizontal lever and metallic stylus, marking by indenta- 
tion, used on the first telegraphic line between Washington and Bailti- 
‘more, was also due to Vail. Many other things might be mentioned to 
show that in the early stages of this invention, which has marked so 
wide a step in our modern civilization, the name of Vail deserves a 
prominent place. It is very unfortunate that his own modesty, to- 
gether with his confidence in Morse’s promises to do him justice, pre- 
vented the matter from being publicly ventilated during the lifetime 
of the inventors. 

After several unsuccessful attempts to induce Congress to assume 
the expense of building a line of sufficient length to practically test the 
proposals of Morse, an appropriation of $30,000 was made in March, 
1843, for the purpose of building a line from Washington to Baltimore. 
This line was completed and successfully opened on the 24th of May, 
1844. The system practically introduced with the opening of this line, 
modified in some of its mechanical details, has continued to be the 
principal one used, and is the basis of most of the recording telegraphs 
in all countries. One important modification should however be men- 
tioned, that is the wide use of the click of the armature for reading the 
message in preference to the recorder. This is a return to the electro- 
magnetic acoustic telegraph of Henry. It gives one of the simplest 
possible receiving instruments, and as was long ago pointed out by 
Steinheil, possesses the great advantage that it leaves the eyes of the 
operator disengaged, Of other forms of telegraphic apparatus, the 
most iinportant are the type-printing telegraph. Among the early 
inventors of these we find Vail, who invented a type-printing telegraph 
as early as 1857, and Wheatstone; but the first instrument practically 
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used was invented in 1846 by Royal E. House, of Vermont. This 
instrument was used for some time in the United States, and was 
brought to a considerable degree of perfection. It worked on the step- 
by-step principle and was patented in.1846. Another type-printing 
telegraph of great ingenuity was invented by D. BE. Hughes, of Ken- 
tucky. This apparatus embodies many of the features of the appa- 
ratus used at present in this country, which is a modification of 
Hughes’s instrument due to Mr. Phelps. The Hughes instrument is 
still largely used in France and to some extent in other European 
countries. The Hughes patents in this country were purchased in 1856 
by the American Telegraph Company, and the apparatus has under- 
gone successive modification at the hands of Mr. Phelps. tending 
towards simplification, accuracy of working, and inereased speed. 
One of the latest modifications is known as the Phelps’s Electro-Motor 
Telegraph, in which the mechanism is driven by means of an electro- 
motor which, running at a high speed, allows the clock-work train to 
be short and light. The principle here used is the synchronous move- 
ment of a transmitting shaft on the transmitter and type-wheel of the 
receiver. Sychronism is obtained by a governor, and continuous rapid 
motion is kept up. The letter printed is regulated by the position of 
the transmitting shaft when the circuit is closed, this position being 
under the control of the operator. Phelps is also the inventor of stoek 
telegraphs and private line printing telegraphs, and, besides his simi- 
lar instruments have been invented by Laws, Calahan, Gray, and 
others. These instruments work on the step-by-step principle and all 
of them are beautiful specimens of mechanism and scientific ingenuity. 

Another system of recording telegraph messages requires notice— 
that 1s the chemical method. We have seen that very early in tele- 
eraphie history the decomposition of liquids and of solutions of salts 
were made the basis of telegraphs. It was soon found that a ribbon 
of paper ‘or cloth saturated with certain chemicals could be very read- 
ily marked by the passage through them of the electric current. One 
of Morse’s first plans appears to have been a chemical telegraph, but 
that, I believe, was never worked out. The first patent for such a 
telegraph was given in England to Edward Davy in 1838, but the sys- 
tem never came into practical use. It was complicated in construc- 
tion and required four line wires. One interesting feature was the 
use of an electro-magnetic escapement for moving the paper, an idea 
which had occurred to Cooke and to Wheatstone some years earlier. 
The first successful chemical telegraph was due to Bain, of Edinburgh, 
and was patented in 1846. In this system it was proposed to transmit 
the message by an automatic transmitter, using a punched slip of 
paper to regulate the contacts. Some difficulties with the mechanical 
operation of preparing the necessary stencil slips prevented this being 
very successfully used, but the chemical record was used for some 
years both in England and America, With the apparatus now available 
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for transmission, very high speeds can be attained by this method of 
recording the signals. 

The chemical method of recording has been mostly used for copying 
or autographic telegraphs, and of these a considerable number have 
been devised. The automatic method of transmission has been brought 
to a high state of perfection. Among others who have worked at the 
subject are Wheatstone, Siemens and Halske, Garnier, Humaston, 
Little, Edison, Park, Thomson. 

The next important step in telegraphy was the employment of one 
line-wire to convey more than one message at the same time. A solu- 
tion of the problem of sending two messages, one in each direction, was 
attempted by Gintt of Vienna, in 1853, and in the following year by 
Frischen and by Siemens and Halske. These methods were not very 
successful, but they were mechanically sufficient for the purpose. 
They however left out an important item in the account, namely, the 
electrostatic capacity of the line. The proper solution of the difficulty 
was given by J. B. Stearns, of Boston, in 1871, who solved the problem 
completely, so far at least as land lines were concerned. The same 
principle is sufficient for all purposes, but someimportant modifications 
in detail are necessary for submarine cables. These modifications 
were successfully made by Muirhead, of London, and at the present 
time duplex working is an ordinary accomplishment. The chief work- 
ers in this field were Frischen, Siemens and Halske, Stark, Edlund, 
Gintt, Nystroin Preece, Fur Nedden, Farmer, Maron, Winter, Stearns, 
and Muirhead. 

Next the problem of sending two messages in each direction was 
worked out. This involves the additional problem of the simultaneous 
sending of two messages in the same direction. The solution of this 
problem was attempted by Dr. Wm. Gintt, of Vienna, in 1853, and during 
the following ten years it was worked at by Borscha, Kramer, Maron, 
Schaak, Shreder, Wartman, and others. The first to obtain success 
was Edison, in 1874; and his method, with some modifications, is still 
used. Systems of quadruplex were also invented by Gerrit Smith, in 
1875 and 1876, of the Western Union Company, and a modification of 
Hdison’s method was made by Prescott and Smith. Smith’s 1876 
method is known as the Western Union Company’s Standard Quad- 
ruplex. 

A system of multiple transmission was devised by M. G. Farmer, 
of Salem, in 1852, in which, by a commutation arrangement, the line- 
wire was put successively in contact with a number of local circuits. 
A similar system was exhibited by Meyer at the Vienna Exposition in 
1873, and an improved form was introduced a few years ago by Delany, 
which is in use in several countries. These systems are of use if the 
line-wire is capable of doing more work than any one of the stations is 
capable of supplying, and may be likened to one of the main wires 
from the central to a district telephone exchange, with this exception, 
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that all the correspondence goes on simultaneously, and there need 
be no difficulty as to precedence. Distinctive from these is the har- 
monic telegraphs of Elisha Gray, Edison, and Bell. Jn this system, 
which has been most completely worked out by Gray, any number of 
messages may be sent simultaneously, without reference to speed of 
transmission. In principle, the method consists in causing each of a 
number of vibrating reeds at one end to pruduce pulsations of the cur- 
rent flowing through the line, which have the same period as the vibra- 
tions of the reed. A corresponding set of reeds at the receiving end of 
the line are arranged so as to be acted on electro-magnetically by the 
current. Each of these receiving reeds will respond only to the pulsa- 
tions of its own natural period, and hence only to the vibrations of the 
corresponding reed at the sending end. The continuity of these vibra- 
tions may be broken up by means of a sending key, and thus a mes- 
sage transmitted in the ordinary “ Morse” alphabet. 

The autographic or writing telegraphic apparatus, which has been 
developed of recent years, is of great interest, both from the fact that 
the handwriting of the sender is reproduced in facsimile, and from the 
great ingenuity of the apparatus employed. The writing telegraph of 
Cowper and the telautograph of Elisha Gray are good examples of this 
mode of transmitting messages. 

In Cowper’s system two rectangular components of the motion of the 

pen are made to vary the resistance, and consequently the current, in 
two line wires. These currents act on two electro-magnets at the re- 
ceiving station, and the armatures of the electro-magnets are arranged 
to produce two rectangular components of the motion of the receiving 
pen. Bands of paper are kept moving at approximately the same rate 
under each of these pens, and hence the characters traced by the motions 
of the transmitting pen are reproduced with considerable accuracy by 
the receiving pen in consequence of the varying positions of the arma- 
tures of the receiving magnets, caused by the variations of the current. 
In Gray’s apparatus two rectangular components of the motion of the 
transmitting pen send pulsatory currents into the line wire. These 
pulsatory currents cause corresponding movements of the armatures 
of two receiving magnets, which are made to move the receiving pen in 
corresponding directions, and through proportionate distances. Sepa- 
rate electro-magnetic arrangements lift the pen off the paper between 
the words and at the end of the lines, and allow the receiving pen to be 
moved backwards or forwards without marking the paper, Still 
another electro-magnetic arrangement is used to move the paper for- 
ward between the lines. The whole apparatus is excecdingly ingenious, 
but much too extensive and complicated to admit of clear description 
here. 

Although the mere extension of telegraphs from land to submarine 
lines can hardly be called an invention, yet very many new problems 
presented themselves for solution in this extension, Many of these 
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problems were of a more purely scientific character than those presented 
in the developments which had been in progress, and consequently 
tested the knowledge then existing of the laws of electricity much more 
severely. It was very soon discovered, for example, that the rate at 
which signals could be transmitted, and the battery power or other 
electro-motive force necessary to effect the transmission, did not, as in 
land lines, depend almost entirely on the size and length of the con- 
ductors used. The electrostatic capacity of the line immediately began 
to play an important part, and signals were found not to be transmitted 
so instantaneously as they were on existing land lines. Again, there 
was no opportunity of using relays, so as to effectively shorten the lon- 
ger lines, and the investigations of Thomson led him to point out that 
the rate of signalling would be inversely as the square of the length. 

Sueh difficulties as these, combined with the very evident difficulties 
involved in manufacturing and submerging a cable in deep water, were, 
to say the least, discouraging. Experiments on short lengths in the 
English channel and elsewhere proving successful, faith in the possi- 
bility of longer cables grew, and very soon, through the enterprise of a 
few American and English business and scientific men, an attempt was 
made to lay a cable across the Atlantic. The history of that undertak- 
ing and its various failures are almost common knowledge, but perse- 
verance conquered all the difficulties, and to-day no one thinks of the 
probability of failure when a long cable is proposed. 

The laying of long cables brought out the fact that, as had been an- 
ticipated, existing telegraphic apparatus was not of great enough sensi- 
bility to render moderately rapid signaling possible. This difficulty 
was almost immediately met by the mirror galvanoscopic receiver of 
Thomson, followed some years later by his siphon recorder, which is 
undoubtedly by far the most sensitive recording telegraph known. 
Improved methods of working cables soon followed, among which, in 
the early days, probably the most notable is the introduction of con- 
densers between the ends of the cable and the earth by Varley. The 
successful duplexing of cables by Muirhead has already been referred 
to, but it is somewhat curious to note that although the electricians 
interested in cable working were familiar, as early as 1856, and_per- 
haps earlier, with the difficulty which had prevented success on Jand 
lines, no one seems to have thought of applying the remedy. As early 
as 1858, a patent was taken out by Thomson, in which he proposed to 
overcome the difficulity of duplexing a cable by a mechanical arrange- 
ment for varying the compensating currents at the same rate that the 
signaling current varies. He has sinee said that he did not propose 
the use of condensers, because a means of producing a sufficiently good 
model cable was not then known. Such a model cable was not ayail- 
able for nearly twenty years after the above date, and was finally pro- 
duced by making practically a copy of the actual cable, using tinfoil 
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strips for the conductor insulated from an earth plate by means of thin 
parattined paper, so as to give electrostatic capacity. 


The invention of the telephone constitutes one of the greatest ad- 
vances that have been nade in telegraphic communication. This is an 
acoustic telegraph, which has the very important merit that the audi- 
ble signals are spoken words, and hence the instruments can be used 
by anyone who can hear and speak and who understands the language 
in which the message is transmitted. 

It is well known that sound is transmitted through the air from the 
source to the hearer by waves of condensation and rarefaction, which 
affect the drum of the ear, Wheatstone, as early as 1831, showed that 
these waves could be transmitted from one place to another, at a mod- 
erate distance, through wooden rods and afterward conveyed to the 
ear by the vibrations given to the air by the end of the rod. Similarly, 
vibrations given to one diaphragm can be conveyed to another, at a 
considerable distance, by connecting the two diaphragms together by 
a stretched cord or wire. This appears to have been known for several 
centuries in the central districts of India, and a similar apparatus was 
described by Hook in 1667. <A similar apparatus is now used and 
known as the mechanical telephone. 

To cause the vibrations of one diaphragm to produce corresponding 
vibrations in another diaphragm at a distance, through the ageney of 
an electric current, was the problem of the electric telephone. The first 
to propose this seems to have been Charles Bowrseul, who, in 1854, sug- 
gested the use of two plates—one at the transmitting station, which, 
by the varying pressure of the air due to the sound waves, would open 
and close an electric circuit; while the other was to be acted on at the 
receiving station by an electro-magnet, through which the coils of the 
electric current passed. The varying strength of the electro-magnet, 
due to tl rapid succession of currents, was thus to be taken advantage 
of to give the proper succession of impulses to the receiving diaphragm. 
Tn 1861 Philip Reis, of Friedrichsdorf, proposed, in a lecture delivered 
before the Physical Society of Frankfort, to use an instrument, which 
he called a telephone, for the reproduction at a distance of music and 
human speech. The apparatus consisted of a stretched membrane 
forming part of one side of a box, into which, by means of a mouth- 
piece, the sounds could be directed. This membrane was made to open 
and close an electric circuit at each vibration. At the receiving end 
an electro-magnet, consisting of a thin rod of iron surrounded by a coil, 
was placed. The successive interruptions and closings of this electric 
current was, in accordance with a discovery made by Dr. Page, of Salem, 
Mass., in 1837, to produce sounds of the same pitch as those of the 
sound directed into the box of the transmitter. This method failed for 
speech, for the simple reason that speech has more characteristics than 
pitch; and it was only partially successful for musical sounds, from its 
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inability to produce, with any approach to accuracy, the necessary 
variations of loudness and quality. 

To produce not only the frequency of vibration, but also the loudness 
and quality of the sounds evidently required a transmitter and a 
receiver which did not depend for its action on simple interruption 
of the current, but which varied it in an undulating manner, similar to 
the variations of pressure to which the diaphragm receiving the sound 
vibrations was subjected due to the sound waves. Such an apparatus 
ofa very perfect type was produced by Graham Bell in 1876, who, in 
thedescriptions of his apparatus given in his patent specifications and 
elsewhere, shows that he thoroughly understood what had to be done. 
We all know from actual experience that the instrument which he pro- 
duced did it. Since the publication of Bell’s invention a great many 
modifications have been produced. Most of them have, however, been 
held to embody the same essential principle as that of Bell, the varia- 
tion being simply one of mechanical arrangement. One field of inves- 
tigation has, however, been fruitful of improvement. In the original 
patent of Bell, and also in a caveat filed almost simultaneously by 
Elisha Gray,it is pointed out that the variations of the current may be 
produced by causing the vibrations of the diaphragm to vary the 
resistance of thecircuit. This idea has proved of great value in increas- 
ing the loudness of the sounds given out by the Bell telephone when 
used as a receiver. A great many forms of these ‘‘microphone” trans- 
mitters have been invented. Among those who have made im- 
portant contributions we may mention Berliner, Blake, Edison, Gower, 
Gray, Hughes and Hunnings. 

Another form of telephone has been proposed by Prof. Dolbear. 
In this telephone system one diaphragm of the receiver is made to 
form one plate of an electric condenser, and*the varying electric force 
on this plate, due to the fluctuations of the charge, causes it to vibrate 
in response to the varying electro-motive force produced by the trans- 
mitter. This condenser telephone can evidently be used either as a 
transmitter or as a receiver, and, as Dolbear has pointed out, may be 
rendered sensitive by keeping one plate of the condenser at a high 
potential. 

Another interesting discovery in this subject should be mentioned, 
namely, the transmission of speech from one place to another by means 
of beams of light or radiant heat. This was based originally on the 
discovery by May and Smith of the variation of the electric resistance 
of selenium when exposed to light or radiant heat. Many other sub- 
stances have since been found to have the same property in a greater 
or less degree. The experiments of Bell and Sumner Tainter have 
shown that if a beam of light be reflected from a thin mirror, and, by 
means of lenses or otherwise, made to pass as a parallel beam from the 
transmitter to the receiving station, and there received on a bar or 
series of bars, or a coil of a substance having the properties of selenium, 
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the resistance of the selenium will be affected by vibration of the mirror. 
If, then, the mirror be used as a transmitting diaphragm, like that of - 
a telephone transmitter, words spoken to the mirror will be repeated 
by a telephone in the cireuit of which the selenium, is placed and 
through which an electric current is kept flowing. 

In this address an attempt has been made to sketch very briefly the 
development of the application of electricity to the transmission of 
intelligence. Many important applications (as, for example, fire-alarms 
and railway signal systems, etc.) have not been referred to, and a host 
of important contributors have, as a matter of necessity, been entirely 
ignored. To go into detail and do justice to everyone who has con- 
tributed to the present state of the electric telegraph was an impossi- 
bility and has not been attempted. 

H. Mis. 114 AQ 


EXPLORATIONS IN MONGOLIA AND TIBET. 


By W. WoopDvVILLE ROCKHILL. 


On the 1st of December, 1891, I left Peking for a journey- in Mon- 
golia and Tibet, proposing, if possible, to traverse the latter country ~ 
from north to south and reach British India—Sikkim or Nepal. 

I was well provided with scientific apparatus, and very scantily with 
money, and so I started out with the anticipation of having to endure 
many discomforts, and possibly see my chance of ultimate success lost 
for want of a few hundred dollars and my collections poor for lack of 
funds and means of transportation. This is the one insurmountable 
difficulty a traveller can have to contend with; nearly every obstacle 
can be overcome or turned, but how to travel on an empty money bag 
(and an empty stomach, as it turned out in my case), in a strange land, 
is a more difficult problem for most men than the quadrature of the 
circle. 

I will pass over the first few stages of my journey, which led me 
through Chang-chia k/ou to the great emporium of eastern Mongo- 
lia, Kuei-hua Ch’/eng, where I arrived on the 18th of December. 

This town was known in the T’ang period (A. D. 618-907), and how 
long before that I can not now say. 

Col. Yule* thinks it was Tenduc, the capital of Prester John; but in 
this I can not quite agree, as I believe the latter town is to be identified 
with the present Tou Ch’eng (in Mongol Togto), at the mouth of the 
Hei-ho, which flows by Kuei-hua and empties into the Yellow River 
(Huang-ho) at the former place. 

Father Gerbillon visited Kuei-hua Ch’eng in 1688, in the suite of the 
great Emperor K’/ang-hsi. He describes the place as follows: “C’est 
une petite Ville quwon dit avoir été autrefois fort marchande, et dun 
grand abord, pendant que les Tartares (l’Oiiest étoient les maitres de la 
Chine: a présent c’est fort peu de chose: les murailles baties de briques 
sont assez entiéres par dehors; mais il n’y a plus de remparts au dedans: 
il n’y a méme rien deremarquable dans la Ville, que les Pagodes et les 


Lamas.” t 


* See his Book of Ser Marco Polo, 2d edit., 1, 277. 
+ Du Halde, ‘“ Description de l’Empirede la Chine,” Iv, 103. The Mongol name of 
this town is Koko hutun, or ‘‘Blue town.” Chinese histories of the seventh cen- 
tury mention it under the name of Tung-shou Chiang. 
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In 1844, Father Huc, when on his way to Lh’asa, stopped for a while 
at Kuei-hua Ch’eng. He says of it: “ With the exception of the la- 
maseries, which rise above the other buildings, one only sees an ag- 
glomeration of houses and shops huddled together without order, the 
one against the other. The ramparts of the old city still exist in their 
entirety, but the overflow of the population has been forced to cross 
them. Little by little numerous houses have been built outside the 
walls, vast quarters have been formed; and now the extra muros has 
acquired more importance than the city itself.”* 

Fifty years hardly count in the life of an inland city in Asia, and 
Kuei-hua to-day is what it was in the days of Huc—an irregular mass 
of tumble-down houses built around a small central walled town. 
Dirty, muddy, unpaved streets, innumerable small shops, crowded 
streets along which loaded camels and mules and clumsy carts are 
moving, and where an occasional Mongol, very often much the worse 
for liquor, is seen accompanied by his women folk in green satin dresses 
and much jewelry of silver and numerous strings of coral beads orna- 
menting their hair, neck, and ears. : 

The chief industry of the place is, and has been for at least a cen- 
tury, the preparation of sheep and goat skins. Tallow is also an im- 
portant article of trade, and sheep and camels in vast numbers are 
annually sold here to supply the Peking market. The population, ex- 
culsively Chinese, of this place is probably between 75,000 and 100,000. 

On the 25th of December, having completed arrangements for con- 
tinuing my journey to Ning-hsia Fu in Kan-su in commodious carts 
like those which had brought me thus far on my way, I left Kuei-hua 
and in two days reached the Yellow River at Ho-k’ou,t where it makes 
a sharp bend southward. 

Crossing the river—here about 400 yards wide—on the ice, we first 
travelled over a country with sand dunes intersecting it here and there, 
and finaly entered the vast alluvial plains which stretch westward to 
Alashan and are bounded to the north—on the left bank of the river, by 
a range of mountains of an average altitude of some 1,800 feet. ‘This 
chain is called on European maps the Inshan (a corruption, I believe, 
of Ch/ing shan, a name given to the eastern part of it) and is locally 
known by a variety of names—as are all ranges in eastern Asia—Ta 
ch/ing shan, Wula shan, Lang shan, etc.{ 

For thirteen days we travelled through the sandy waste, now and 
then passing a small village of Chinese colonists settled in these Mon- 
gol lands, where they cultivate the soil after a great expenditure of 
labor on vast irrigation ditches, which are necessary to water the 
parched soil and which. the sands, driven before the nearly incessant 


*Hue, ‘Souvenirs d’un voyage damns la Tartarie et le Thibet,” (12mo. edit.) I, 


164. 
+Hue’s Tchagan Kouren, See op. cit., I, 215. nu 
+ Timkowski,“‘ Voy. a Peking,” 1, 265, 267, says this range is called Khadjar Khosho 


(Khajar hosho), or Onghin oola. r 
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westerly winds, are continually filling up. We saw but few Mongols; 
they live remote from the route, or when they have remained in their 
former haunts, now settled by Chinese, have adopted Chinese modes of 
dress and of living, and too frequently their vices. 

Some antelope, a few hares, and vast flocks of sand grouse (Syrrhaptes 
Pallasii) were occasionally seen; but what a sportsman’s paradise 
these plains must have been in the days of K’ang-hsi, when Father 
Gerbillon came here with him to hawk and shoot, and the great Em- 
peror never failed to return to camp with scores aoe scores of hares 
and other game killed by his arrows! 

Father Huc has so fully and graphically aecctibal the Ordos country 
_ that I will not venture to try and improve on what he has said, especially 
as one forms a more agreeable opinion of the country from his narrative 
than one would from whatI might say of it. It has, I fear, changed 
for the worse since his time. 


Fia. 2.—Baron gomba or Hsi Kung miao Lamaiss Temple in the Ordos country. 


The only place of any importance we saw was the palace of one of 
the Orat Mongol princes, the Hsi Kung or “Duke of the West,” and 
near ita small but very handsomely built lamasery, the temple itself of 
pure Tibetan style. It is called by the Mongols, Baron gomba, and by 
the Chinese, Hsi Kung miao. 

On the 9th of January, I reached the large Chinese Christian com- 
munity (some three hundred families residing in four villages) of San-tao 
ho-tzit, created and mawaged by the Belgian Catholic foreign mis- 
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sions. Here I remained two days and was most hospitably enter- 
tained by the bishop and fathers of the mission. This locality is in 
the domains of the Mongol prince of Alashan, colloquially designated 
by the Chinese as Hsi Wang or Western Prince. His people, so 
Ts’aidam Mongols have told me, inhabited in old times the country 
west of Hsi-ning Fu in western Kan-su, and are of the same stock as 
the Ts’aidam Mongols. This agrees with what Timskowski tells us, 
who says this tribe of the Eleuts came to the country they now inhabit 
in 1686.* 

Following the course of the Yellow River in a southerly direction, 
I passed successively through Shih-tsui (Hotun jeli in Mongol), the 
first town on our route in the Province ot Kan-su, Ning-hsia Fu, 
Chung-wei Hsien, and finally reached Lan-chou Fu, the capital of the 
Province of Kan-su, on the 31st of January, whereI joined the route I 
had followed in 188889 when on my way to Tibet for the first time. 

Ning-hsia Fu was the most important town we traversed before reach- 
ing Lan-chou, but it has greatly fallen from its ancient importance, 
having suffered terribly during the late Mohammedan rebellion.t 

Father Gerbillon, while journeying with the Emperor K’ang-hsi in 
1697, visited this city. He says it was then one of the largest and 
most famous along the whole length of the Great Wall. It was 
densely populated, the houses built so closely together that there was 
no room even for court-yards. He also noted that “building timber is 
here very cheap, because they go to get it in that chain of mountains 
which is to the northwest, some 60 or 70 lys from the city,f where it is 
so abundant that from the neighboring localities, more than 400 or 500 
lys away, they come to buy it at Ning-hia.”§ At the present time not 
a forest tree is to be seen, only a few poplars recently planted along the 
irrigation ditches. 

The father says further on (p. 372): “They presented also to his 
majesty several foot rugs, resembling enough our Turkey carpets, but 
coarser; they are made here, and the emperor had the curiosity to 
have the work done in his presence, as also paper which is made at 
Ning-hsia, with hemp beaten and mixed with lime water.” 

Now the town is, for half of its area, a desert of brick-bats, but rugs 
and paper making are still the chief—or rather the only—industries of 
the place. 

I arrived at Lan-chou the day after Chinese New Year and on 
the fifth of the first moon. I witnessed the ying-ch’un festivities, in 


“*Op. cit., 11, 279. See also Du Halde, op. cit., Iv, 375, where we learn that the first 
Eleut prince of Alashan bad only the rank of Beileh and was named Baturu Ts’o- 
nam. A Beileh is a prince of the third order, a Wang the second, and a ch’in Wang 
of the first. 

+This city is called Irgé hotun by the Mongols, and is the Irghai of Mohammedan 
writers and the Egrigaia of Marco Polo. 

t This range is called Hsi shan by the Chinese, but on our maps it is usually desig- 
nated by the name of Alashan Mountains. 
§ Du Halde, op. cit., Iv, 370. 
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which the local magistrates go outside the east gate of the city to 
“welcome spring” (ying-cl’un). A huge cow made of wicker-work 
and coated over with mud was dragged along by scores of men, and fol- 
lowing it was the image of the god T’ai-sui. A man disguised as a 
woman led the procession on foot and following him was another, in 
like disguise, riding a donkey. This one impersonated, I was told, the 
princess who introduced into China the practice of compressing women’s 
feet. The cow was painted of a reddish brown color, a portent that con- 


Fie. 3.—Kokonor ‘Vibetan pony (Konsa stock). ‘Tibetan mastitf (Panaka stock). 
flagrations would take place in the year now beginning, for the colors 
used on this occasion are symbolical,—yellow means plentiful crops; 
white, floods; black, sickness; and blue, war. In like manner, if the 
image of T’ai-sui is bare-headed it is symbolical of heat; with his cap 
on, of cold; if he wears shoes it portends much rain and if he is bare- 
footed, dry weather.* 


d English Vocabulary,” p. 714. 


*See G. Carter Stent, ‘Chinese an 


va 
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Theatricals, a banquet at the magistrate’s office, and merry-making 
followed. On the morrow the cow was broken to pieces and farmers 
began to till their fields. This feast is observed over most of China. 

Having engaged mules to carry me and my luggage to the lamasery of 
Kumbum, or rather the contiguous village of Lusar, some 20 miles 
south of Hsi-ning, Ileft Lan-chou on the 5th of February and follow- ‘ 
ing up the Yellow River and the Hsi-ho, a route I had taken previously 
in 1889,* I reached my destination on the 11th, and took up my quar- 
ters in an inn in the lower part of the village and at once began prep- 
arations for the journey into Tibet. » 

I secured the services of the men who had accompanied me on my 
first journey, bought six stout ponies and a supply of provisions— 
parched barley-meal (tsamba), rice, flour, vermicelli, tea, etc.—enough 
to last, if used with economy, for about five months. While my head 
man, Yeh Chi-ch’eng, was buying pack-mules, fitting the saddles to 
their backs, and purchasing all the thousand and one little things re- 
quired on a long journey in a country devoid of every necessary of 
life save a few varieties of very coarse food, I went for a tour through 
the portion of country along the Yellow River due south of Lusar, a 
region of great ethnological interest, inhabited by tribes of Tibetan, 
Mongol, and Turkish descent; those of the latter called Salars or 
Salaris, being particularly interesting, as they have retained their 
original type and language though residing on Chinese soil for the last 
four hundred years and surrounded by Chinese and Tibetan peoples.t 
They number some 40,000 souls and are the most fanatical Mohammedans 
in western China. The Salar priests (ahons) began the late Mohamme- 
dan rebellion in or near the little town of Bayanrong. Fortunately for 
the Imperial Government, dissensions arose among the Mohammedans 
and they were soon fighting among themselves. It was this way: One 
said smoking was permissible (he was a Ho-chou teacher), another said 
it was forbidden, and so they came to blows. At the town of Tankar, 
30 miles west of Hsi-ning, these two factions fought so savagely that 
the authorities made use of this quarrel to rid the place of them. All 
the male Mohammedans were invited to the mosque to talk over the 
matter in the presence of the colonel commanding the town. When all 
had assembled in the court-yard, there came men who called them out 
one by one, and as they issued out of the gate they were beheaded, and 
in this way 3,500 were made away with. Their wives and daughters 


* See ‘‘The land of the lamas,” p. 41-58. 

+ The principal branch of this people forms now one of the Turkoman tribes un- 
der Russian rule residing around Old Sarakhs. It numbers about 5,000 families. 
“The three nations of the Salars are named Yalawach, Githara, and Karawan. They 
have an evil reputation even among Turkomans, and are said to be generally hated.” 
See Lieut. A. C. Yate, Travels with the Afghan boundary commission, p. 301-302. 
See also on the Chinese Salar, Rob. B. Shaw, Journ. Roy. As. Soc., new ser. X, p, 305-316 
and Deniker, Bull. Soc. d’ Anth. de Paris, 3e Serie, x, 206-210. 
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were sold or otherwise disposed of when good-looking, and Tankar, 
with a remaining population of a few thousands or so, enjoyed quiet 
once more. . 

At Hsi-ning, for several years after the rebellion had been suppressed, 
no Mohammedan was allowed to enter the city (none of them could live 
in it) without having a stamp impressed on his cheek by the guard at 
the gate; and even now, after twenty years of peace, none of them may 
have a knife, even the usual small one which is carried by all evens 
Chinese in a little case with their chop-sticks.* 

On the 29th of February, I was back in Lusar, but though I used all 
diligence and expended a vast amount of energy, it was the 14th of 
March when we made our final start for the Kokonor country, the first 
stage of our journey to Tibet. 


Ftc. 4.—Chinese composing Mr. Rockhill’s party. 


My party, as finally organized, comprised four Chinese, three of 
them frontiersmen from near Lusar, and one, a cook, engaged at Kuei- 
hua Ch’eng, and‘a native of Tung-chou, near Peking. We had two 
small blue cotton tents, and our saddle blankets formed the bulk of 
our bedding, for the very heavy sheep-skin garments we wore were 
enough covering for the coldest weather. 


“In the narrative of the journey of Benedict Goés (1603-1607) it is said that the 
Mohammedans at Su Chou (northwest Kan-su) were shut up every night within the 
walls of their own city, which was distinct from that inhabited by the Chinese. 
See H. Yule’s Cathay and the Way Thither, p. 582. 
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In order to keep the pack-mules in good condition for as long a time as 
possible, I had the greater part of their loads carried by donkies from 
Lusar to the Muri-Wahon country, east of the Ts’aidam. Thence to 
Shang, yaks relieved them, and in the Ts’aidam, camels did their work 
to a great extent, so that when we started into the wilds north of Tibet _ 
my mules were still in fairly good condition—though very little fed— 
and stood well the terrible fatigues of the journey, but they finally gave 
out from foot-soreness and none reached the journey’s end. 

I began a survey of the road at Kalgan, north of Peking, and car- 
ried it on about 2,400 miles, to Bat’ang, in eastern Tibet, where my 
route joined that surveyed in 1877 by Capt. William Gill.* The method 
I followed in my work was to run the traverse by prismatic compass 
and aneroid, taking the distance between consecutive points by my watch 
and controlling frequently the distances thus obtained by pacing them 
off. 

' Every day the altitude of one point at least was determined by the 
temperature of boiling water, and all adjacent points, where aneroid 
readings were taken, were corrected by this and the one taken the day 
before. Sextant observations were made whenever possible for posi- 
tion, and thus the inevitable errors on my survey could not accumulate, 
but were divided over the whole length of the line. 

Besides the work of surveying I had to take photographs, note the 
general characteristics of the country, keep an eye on the packs to see 
that they were not awry, and attend to innumerable details connected 
with the everyday life of the party. The animals gave me less trouble 
than the men (this is usually the case in this world, and how true is 
the saying, ‘‘ Plus je vois les hommes, plus j’aime les bétes”)! 

In 1889, I had, when going to the Ts’aidam, taken from Lusar the 
route leading along the north side of lake Kokonor. This time I de- 
cided to follow a new trail leading through an unexplored country (that | 
of the Panaka living south of the Kokonor), and thence directly by the 
mountains to Shang, in the southeast corner of the Ts’aidam. I was 
most anxious to re-visit this place so as to be able to go once more to 
the Tosu nor (Jake) and determine by actual observations its position 
and altitude. 

The nature of the country to the south of the Kokonor lake is more 
_mountainous than that to the north, but the climatic conditions are 
_ the same—violent westerly winds, great dryness, usually a clear sky, 
and though the nights are invariably cold, the temperature rises very 
high during the day. These peculiar conditions result from the high 
altitude of this region, which is over 11,000 feet above the sea level. 

The route we took was as follows: Leaving the province of Kan-su 

at Sharakuto, on the southern main feeder of the headwaters of the 
Usi-ho (which flows by Hsi-ning Fu), we traversed in a general west- 


*See his River of Golden Sand: “The narrative of a journey through China and 
eastern Tibet to Burmah,” 2 vols. 8vo., 1880. 
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southwest direction the country of the Panaka or Panakasum, as the 
Tibetan tribes inhabiting these regions are called. These tribes, which 
were in past centuries located principally south of the Yellow River 
all the way from the Chinese frontier to its sources at Karmat/ang, 
have within the last hundred years pushed northward and dispossessed 
the Mongol owners of these rich pasture lands, driving them either 
into the foothills around the swampy Ts’aidam or nearer to the Chi- 
nese borders. The Tibetan tribes which first came to the Kokonor were 
eight in number and all bore the word Na in their names, hence the 


Fic, 5.—Panaka Tibetan camp in mountains near Shang. 


mixed Chinese-Tibetan name of Panaka by which they are now known 
and which they use in speaking of themselves.* 

The Panaka may number in all a hundred to a hundred and twenty- 
five thousand souls. I have described elsewhere the dress and mode 
of living of these tribes,t so will not dwell on these questions here, and 


*Panaka (i.e. Pa, Chinese “eight,” Na, patronymic, and k’a or chia (Chinese) 
“family” or “‘clan”). They also call themselves Panakasum; the last word, mean- 
ing in Thibetan “three,” is added on account of three great divisions of these clans 
at the present time. The Arik (about 10, 000 families), the Konsa (2,000 families), 
the Bumtok (2,000 families), are the largest of these tribes living north and west of 
the lake; the principal tribes of the Panaka south of the lake are the Chamri, the 
Tubchia, and the Wutushiu. 

tSee ‘Land of the Lamas,” p. 73, et passim. 
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the illustrations will enable the reader to form a better idea of their 
camps -and general appearance than could a long description. 

Crossing a high and very difficult pass in the southwest corner of the 
Panakasum’s country, we entered the basin of the Tsahan ossu, an 
important river of the Ts’aidam, the existence of which was not here- 
tofore suspected; and on the 4th of April I reached the Mongol village 
of Shang (or Shang-chia), on the upper Bayan gol (or Yogoré gol), the 
main river of the Ts’aidam, which has its source in two lakes called 
Tosu-nor and Alang nor. 


Fia. 6.—Foot of Wahon Jamkar Pass leading intothe basin of the Tsahan ossu. 


Sending the bulk of my baggage to the camp of a former acquaint- 
ance, the chief or Dzassak of Baron Ts’aidam, I went with two 
men and a Mongol guide to explore the Tosu-nor, reaching that 
large sheet of water (about 13,500 feet above sea level) on the 12th of 
April. 

Dowé, the Mongol guide, the same who had led me in 1889, by 
the sources of the Yellow River to Jy&ékundo, told me one even- 
ing while we gossiping over the camp fire, that he had heard at Sa- 
chou of wild men (gérésun kun). Two had been captured by some 
Mohammedan Sifan (or Huang fan), but one soon died and the other 
made his escape. These savages live between Sa-chou and the 
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Lob nor,* make their dwellings of reeds and feed on wild grapes, which 
they dry. From this description I have no doubt these people are the 
half.wild inhabitants of Turki origin seen by Prjevalsky and other 
travellers in the marshes and canebrakes of Lob-nor. 

On the 14th of April, I started back for Shang. Crossing the Yogoré 
my pony broke through the ice and was drowned, I nearly sharing the 
same fate. The next day my saddle was recovered, also my notes and 
papers in my saddle-bags. On the 18th I joined my other men with 
the pack animals in the valley of Oim, where the Dzassak of Baron was 


Fic. 7.—Scene in Mongol village of Shang (8. E. Ts’aidam). 


*See ‘‘Land of the Lamas,” p.159. Douglas Forsyth, Journal Roy. Geo. Soc., XLVI, 
p. 6, says: ‘‘There are numbers of encampments and settlements on the banks of the 
marshy lakes and their connecting channels; perhaps there are as many as a thou- 
sand houses or camps. These are inhabited by families who emigrated there about 
one hundred and sixty years ago. They are looked upon with contempt by true 
believers as only half Musselmans. The aborigines are described as very wild 
people—black men with long, matted hair, who shun the society of mankind and 
wear clothes made of the bark of a tree. The stuff is called “luff,” and is the fiber 
of a plant called “toka chigha,” which grows plentifully all over the sandy wastes 
bordering on the marshes of Lop.” Wild men are said to live on the lower Tsangpo, 
in Tibet. The Mongol Lama Sherab jyats’o says that in Pemakoichhen (north of 
Mira Pedam) the Lh’opa “kill the mother of the bride in performing their marriage 
ceremony when they do not find any wild men, and eat her flesh.” See Report on the 
Explorations in Sikkim, Bhutan, and Tibet, from 1856 to 1886, p. 7; also pp. 50 and 52. 


EXPLORATIONS IN MONGOLIA AND TIBET: GE 


camped. Here I was detained for eleven days trying to make arrange. 
ments with the chief to supply me with pack animals and a guide to go 
to Shigatsé, in Ulterior Tibet. After a vast and reckless expenditure 
of my limited store of patience, I failed to get more than four camels 
and a guide as far as Tengélik, a Mongol encampment in the marshes 
of the Ts‘aidam, not a hundred miles away. 

On the second day out from Oim we left the village of Baron (or 
Baron kuré) and travelling through sand and mud and brush for four - 
days came to the pools of Tengélik. Life 
in camp in this horrible Ts’aidam is miser- 
able indeed, and though I was used to the 
dirt and misery of such an existence, I had 
daily to use all my persuasive powers to 
keep myself in the belief that I would be 
able to stand it for six months more. The 
Mongols of the Ts‘/aidam have a saying that 
a Mongol eats 3 pounds of wool with his 
food yearly, a Tibetan 3 pounds of gravel, 
and a Chinese 3 quarts of dirt. Living in 
‘a Sinico-Mongolo-Tibetan style, I swal- 
lowed with my miserable food the dirt, the 
wool, and the grit, portioned by a harsh 
destiny to these peoples, and I verily be- 
lieve that I found enough wool in my tea, 
my tsamba, my meat, and my bread while 
in Mongolia and Tibet to stuff a pillow. 
The dirt and the sand could be easily swal- 
lowed, but the wool—nothing could be 
done with it, no amount of mastication 
could dispose of it. 

Leaving Tengélik on the 7th of May 
with four pack ponies, three oxen and a 
camel, the latter loaded with leather jars 
filled with water, we reached the Naichi 
gol in five days, travelling all the time 
through sand or Swamp. we. 8.—Prayer-wheel turned by wind* 

On the Naichi gol I stopped for a few Erected over Mongol and Tibetan 

a : dwellings. 

days to engage a famous guide of whom I 

had heard tell in Shang, and also to replenish my store of provisions 
as far as possible in this poverty stricken country. We got a supply 
of fairly good tsamba, but the butter we here bought, made of sheep’s 
milk, was the strongest smelling and the vilest I ever tasted in my life, 
but such as it was I had to eat it and be thankful till I reached the in- 
habited parts of Tibet in July. 

Leaving this place we turned south and following up the Naichi 
River, entered the mountains which all along the south side of the 
T's/aidam mark the northern edge of the great tableland dividing this 
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country from Tibet, andis some 200 to 400 miles wide. Usually this re-. 
gion is called N. ouihieen Tibet, and though physically it belongs to that | 
country, from a political point it is a no-man’s land, a desert waste over 
which at rare intervals wander some robber bards that prey on pass- | 
ing caravans. 

It would take me too long to describe this part of my journey, in 
which we crossed four chains of mountains of an average altitude of 

about 16,000 feet. Between each of these, in broad valleys running 
from west to east, flow shallow rivers over beds of soft sand or gravel 
in which we were forever getting bogged, we, our horses, and mules. 

Though we were in May and lovely June we had snow-storms and 
hailstorms daily, the nights were bitterly cold, and in the middle of 
the day the thermometer rose to the nineties. 

With no fuel but the droppings of wild yaks, with hardly any grass 
for our animals, to which we had daily to feed balls of our parched 
barley meal, it was no wonder we made slow progress, or that before we 
had neared the inhabited regions of Tibet our supplies gave out and 
we had to subsist for five days on tea alone. On the 7th of July we 
saw for the first time black tents and I learned, on sending two of my 
men to one of them, that we were among the Namru in Namru dé, a 
dependency of Lh/asa at the northwest corner of the great Tengri nor 
(or, as the natives call it, Dolma Nam-ts’o). My plan had been to go | 
around this lake to the west, and had our provisions held out a fort-- 
night longer I have no doubt we would have succeeded, so sparce is the 
population of this region, and reached our goal, Shigatsé, the capital 
of Ulterior Tibet. To accomplish my plan it was necessary to make 
detours around every camp we sighted, for I knew of the stringent 
orders issued by the Lh’asa government against admitting foreigners 
onto their soil, and I entertained no hopes of seeing them modified in 
my favor. Unfortunately our supplies did not hold out and so, when 
we made these first Namru tents and asked for food we got only a 
few handfuls of tsamba and a little cheese. The news rapidly spread 
that a small, but very suspicious looking party, had arrived from the 
northern desert. The next day, after making some 12 miles more 
in a southerly direction and reaching a broad valley dotted all over 
with tents, we were stopped by the local headman and ordered to re- 
main camped where we were until the officers of the Lh’asa govern- 
ment, who resided about a day’s ride away, could come and cross- 
question us. 

This was on the 8th of July. By the 13th it had been decided that 
I was to go under escort of a detachment of soldiers, not the way I had 
planned, but by a circuitous route (of considerable geographical interest 
however), to the high-road leading to Lh’asa from Hsi-ning, joining it a 
little to the north of the first Tibetan station, Nagch’u or Nagch’u-k/a, 
where there was a high official, a warden of the borders, who would 
settle about my further movements. 


For ten days my escort took me in a general easterly direction over 
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the foothills of the great Dang la chain, which we frequently saw to 
the north, its peaks covered with eternal snows reaching far down 
their flanks (the snow line in this country being at about 17,500 feet 
above sea level). We crossed a number of streams, all flowing in a 
southeasterly direction aud probably forming the head waters of the 
Jyama-nu ch’/u, the upper Salween, it is believed. The rain fell daily 
in torrents, the spongy, tussocky ground was soaked, and dry fuel no- 
where to be found, so that finally we had to burn our pack saddles to 


Fic. 9.—Tibetan boys from Jyadé. 


Be our kettle. In an utterly exhausted condition, we reached, on the 
99d of July, the highroad to Lh’asa in the Dang cha valley, a Jee and 
a half’s ride north of Nagch’uk’a. 

Here the Namru men left me, but [ was soon espied by some of the 
guards stationed along this road for the very purpose of arresting for- 
eigners, and requested to remain where I was till the officer in command 
at Nag ch’u could come and see me. 

Before this I had been obliged to give up all idea of carrying out my 
original plan of getting to India, and I had now solely in view reé ching 
China by some heretofore unexplored route which would keep me in 
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the inhabited parts of Thibet, so that my ethnological researches could 
be successfully carried on. 

While waiting here on the Dang ch’u for the arrival of the Nag ch’u 
officials, I was visited by some natives from the left bank of the river, 
and I learned from them that they and the tribes to the east of them 
were not subject to Lh’asa, and that by traversing their country (called 
Jyadé or “Chinese Province”) I could reach the important town of 
Ch/amdo, on the highroad to China, whence I would be able to continue 
my journey commodiously to Tachien-lu in Ssit-ch‘uan. 

Tat once made up my mind to follow this route, only waiting to see 
the Nag ch’u officials to satisfy my curiosity, and possibly pick up some 
interesting details concerning them, their country, and its customs. 

On the 27th of July, I crossed the Dang ch’u and was kindly received 
by the chief of the Péré band, who, on the following day, introduced 
me to one of the big chiefs or Débas of the country, Nor jyal-tsan by 
name, who was about to start for his home, a fortnight’s ride to the 
east and on the road to Ch’amdo. 

It was arranged, after a short consultation and the presentation to 
him of some presents (50 ounces of silver, some knives, red lacquer 
rice bowls, ete.), that he would take me with him, and see to all my 
wants on the way. On reaching his home he would further supply me 
with a guide as far as Mér djong, the first locality on Ch’‘amdo terri- 
tory, beyond which neither he nor his people ever went; and he gave, 
among other reasons, for this that, while the Ch’amdo people professed 
lamaism, he and the people of Jyadé foliowed the Bénbo religion, the 
modern and corrupt form of the old pre-Buddhistic shamanism, which 
has, at one time or the other, prevailed over all Asia. 

Since leaving the T's’aidam in May, I had continually travelled over 
country with an average altitude of about 15,800 feet above sea level, 
frequently crossing ridges and plains considerably higher. On leaving 
the Dang ch’u we very gradually descended till we reached near 
the Rama-ch’u, the timber line on the 12th of August, something 
over 13,000 feet above sea level. At this altitude cultivation also be- 
gan, barley and turnips being the only crops. These are eked out by 
the use of seeds of several kinds of plants found growing in profusion 
on the hillsides. Above this altitude the people subsist entirely on 
what their flocks and herds of yaks can supply them, the neces- 
sary tsamba and tea, being procured by them at Lh’asa or from traders, 
who annually visit these regions. The principal article of trade of the 
Namru and other adjacent tribes is salt, procured by evaporation from 
some of the large lakes to the west of the Dang la and brought thence 
on the backs of sheep, each one carrying about 25 pounds. All the salt 
I have seen in these parts is of a brick-red color and very impure. 

On the 20th of August, we reached Mer djong gomba on Ch/amdo 
territory, having traversed the whole of Jyadé without any mishaps, 
and having met everywhere with the greatest courtesy and kindness 
from the chiefs and people. The country round Mer djong is, where- 
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ever possible, well cultivated, barley and wheat are the principal crops, 
and near each of the houses is a little garden-patch, where we saw with 
delight cabbages, onions, peas and turnips, but we noticed no domestic 
fowls; these are found only in the Chinesified portions of the country. 
From Mer djong, we went to Riwoché (a dependency of Lh/asa) on 
the Tsé ch’u, passing through some beautiful alpine country (along the 
Ké ch’n), the mountain sides covered with fine forest growth and the 
valley bottom a mass of flowers of every hue. Frequently we saw large 
bunches of silver pheasants (Crassoptilon tibetanum, in Tibetan Saga), 
moving rapidly about in the thickets of rhododendrons and laurel-like 
plants, calling their young with a cry peculiarly like that of the guinea 
fowl. Very few varieties of birds were noticed however here, or, in 
fact, anywhere along the route, singing birds being especially rare. 


Fic. 10.—Half-breed yaks with loads. 

Riwoché is a place of some importance commercially, but from a pic- 
turesque point of view itis especially noteworthy for its peculiar temple, 
with walls of white and red, and gold spires rising from its green-tiled 
roofs. Around the temple are the dwellings of some three hundred 
lamas, near which are the houses of perhaps a hundred families of lay- 
men. The village is at the base of steep, forest-clad mountains, and 
before it flows the swift river. This place is one of the few in Tibet 
which can boast of a wall around it; it was built by the Chinese, in all 
probability, about 1717. ; 

Two stages down the Zé ch’u valley brought us to Nyulda, a Chinese 
post station on the highroad to Lh’/asa, where the soldiers supplied us 
with the first eggs and vegetables we had had for many a long month. 
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We were now about two and a half days journey from the town of 
Ch’/amdo, which I was not however destined to see, for when I had 
advanced towards it another day’s ride, I was stopped by the lamas of 
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Fa. 11.—Tibetan prayer mill, turned by water. A, Section of water-wheel and cylinder. 


that place, and requested to take a cross road leading around the town 
at some distance and joining again the highway to China near a place 
called Pung-dé. 

I refused to follow this road and finally obtained permission to take 
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another trail over the mountains to the south, which brought us out, 
after four days of travel through the most beautiful scenery I know of 
anywhere in Tibet, at the post station of Pung-dé, the Pao-tun of the 
Chinese. 

: The worst part of my long journey was now over, for from this point 
I travelled in comparative comfort, with an escort of Chinese soldiers, 
relays of pack and saddle horses, and houses every night to put up in; 
though I still frequently preferred my tent, where [ could enjoy some 
privacy and escape the attack of the fleas which swarm in all Tibetan 
dwellings, to say nothing of rats and other vermin. 

The first town of any importance we came to after leaving Riwoché 
was Draya, or Chamdun Draya as it is also called, the capital of an 
ecclesiastical, semi-independent state, on an affluent of the Om ch’u, 
which flows by Ch’amdo. 

The town is prettily situated on a gentle slope, the lamasery, as 
usual, occupying the higher part of it, with a little plain in front, 
beyond which flows the Ombo ch’u, here met by two other streams 
of considerable size. The crops were ripening and fields of barley 
and wheat covered every little patch of ground susceptible of culti- 
vation. On high frames, with which every country house is provided, 
grass twisted in cables was drying for the winter’s forage, and in 
some places, where the high precipitous mountains did not over- 
shadow the fields too much and the crops were early, barley, wheat, 
and turnips, were already hanging on these frames, which are used 
everywhere in Tibet for this purpose. 

Though I was very roughly received at Draya—in fact, in lieu of 
fire-crackers I had a volley of stones let off at me as I entered the 
town—I remained here for two days and gathered a goed deal of inter- 
esting information bearing on both the country and the people, which 
it is not possible to convey here, and for which I must refer the reader 
to my eomplete report now in preparation. 

On the 6th of September, I left Draya, and after an interesting jour- 
ney of five days, up hill and down dale, reached the important town of 
Gartok, or Chiangka as it is called by the Chinese, the chief town of 
the province of Merkam belonging to Lh’/asa. It is curious in this con- 
nection to note that vassal states, governed by officials sent by Lh’asa, 
are found scattered all over Tibet; the Nyarong or “arable lowlands of 
the Nya River,” the Tsarong, Riwoché, and innumerable localities in 
southern and southeastern Tibet belong to this class. 

These districts have frequently given in their allegiance to Lh’asa (or 
‘tied their head,” go-ta-wa, as they say) on account of similarity of re- 
ligious beliefs. Sometimes, however, Lh‘asa has got possession of them 
through intrigues or open aggression. 

Gartok is an important center for the musk trade, which of late years 
has taken considerable extension. It has a native population of about 
seven hundred, besides some two hundred or three hundred lamas. 
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From a hundred to a hundred and thirty Chinese also reside here, all, 
or nearly all, of them having native wives. 

Wheat, oats (wild?), and barley are grown here extensively, and the 
gardens supplied us with cabbages, turnips, and several other kinds 
of vegetables, one, called in Chinese o-swng, I found especially pala- 
table. Cats, pigs, and fowls were seen in every house, and J was pre- 
sented by the Chinese officer in command of the little garrison here 
with grapes, peaches, and apricots (wild varieties, I believe), brought 
here from.the Rongmi, or “terres chaudes,” as the French missionaries 
call them, some two days’ distance down the River of Golden Sands 
(Chin-sha ho or Chin chiang ho). 

For the first time in Tibet I saw house sparrows (cheuba, in Tibetan) 
at Gartok. 

Leaving Gartok on the 12th of September, we reached Bat/ang on the 
15th, and here the geographical portion of my work was at anend. The 
people between Gartok and Bat’/ang are Chinesified to a considerable ex- 
tent, and have also a few customs introduced among them from inter- 
course with the tribes living south of them, Lissus, Mosso, and others. 
Among other things borrowed from these tribes is a peculiar jew’s-harp, 
carried by every woman of this region, and consisting of three different 
toned harps of bamboo; two or three women often play together, and 
to this accompaniment they dance a slow, shuffling step in which grace 
and beauty are conspicuously absent. 

I remained at Bat/ang four days, and then proceeded to Lit/ang, 
which | reached on the 24th, and finally arrived at Ta-chien-lu, on the 
Chinese frontier, on the 2d of October. From this locality to Shanghai, 
where I arrived on the 1st of November, I followed the route taken by 
me in 1889, and for a description of which I must again refer the reader 
to the published account of my first journey. 

Before closing this brief account of my journey [ must mention that in 
July, when on the Dang ch’u (and even earlier, when in Namru), [heard 
that some foreigners had passed through the country some six months 
previous, coming, it was supposed, from the west. In August I again 
heard vaguely of these travellers, and on the 18th of that month, while 
camped near the Zé ch/u at Lah’a in Nar peihu, I was shown by a native 
a note he had received from a foreigner commanding an expedition which 
had passed through here several months before. It was signed Capt. 
Henry Bower, of the Seventeenth Bengal Cavalry, and he had come, I 
learned later, from Ladak by way of the deserts to the northwest of Tibet 

Since then I have had the pleasure of meeting Capt. Bower in Lon- 
don, and we have been able to compare notes. From this compari- 
son it results that after the 10th of August (I had then reached the 
I ch‘u Valley), our routes were very nearly parallel till we arrived near 
Ch’amdo, after which point they were identical. 

Finally, I would like to call attention to the rich fields of research 
China and its dependencies afford the explorer, be he geographer, bota- 
nist, geologist, or ethnologist. Though volumes enough to fill a goodly 
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library have been written about the Chinese Empire, a great deal re- 
mains to be done. Our geographical knowledge of China is still based. 
on the surveys of the Jesuits, executed in the seventeenth century, to 
which a few itineraries have since been added. Pumpelly, Richthofen 
and a few others have only studied the geology of a part of this vast re- 
gion; its botany is less well known perhaps than that of any other part of 
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Fra. 12.—a, b. Tibetan jews’s-harp (K’a-pi) ; Bamboo. c, Bamboo case of same. 

the globe. Its ethnology, though it has been more or less studied by hun- 
dreds of writers, has never, as far as I know, been systematically treated, 
and the scientific study of the languages of China is only just begun, 

Of the scientific results of my journey I will here say nothing; they 
will be submitted in the report which I am at present preparing, to- 
gether with a route map on a scale of 16 miles to an inch, reduced from 
my original survey. The illustrations accompanying this paper are 
from photographs taken by me on the journey, and of which I secured 
some two hundred fairly good ones. 


PROGRESS OF ASTRONOMY FOR 1891 AND 1892. 


By WILLIAM C. WINLOCK. 


A review of the progress of astronomy for the years 1879-and 1880 
was contributed by Prof. E. 8S. Holden to the Smithsonian Report for 
1880, and reviews for each succeeding year were continued by him in 
the annual reports of the Institution up to 1884; the reviews for 1885 
and 1886, and for 188788 and 1889-90 were prepared by the present 
writer, the publication since 1886 being biennial instead of annual. The 
arrangement of the review for 189192 is essentially the same as in 
previous years and, in its compilation as hitherto, notes in recent jour- 
nals have been freely drawn upon without specific citation. 

It should be borne in mind that the review is intended for those having 
a general interest in astronomy rather than for the professional astron- 
omer who has access to a large working library. To the latter the 
bibliography appended may be found convenient as a reference, and 
will supplement the text in giving a general idea of recent publications 
on any special subject. Many very important papers are of such a 
nature that they do not lend themselves readily to condensation for the 
purposes of such a summary as the present. 

Within the last few years many new aids have been provided to 
facilitate reference to the constantly-increasing volume of the litera- 
ture of the subject. The most comprehensive of these is to be found 
in the Bulletin astronomique, published under the auspices of the 
Paris Observatory and the able editorship of M. Tisserand. In addi- 
tion to extensive critical reviews of important memoirs, there is a brief 
summary of the contributions to other astronomical periodicals, and 
the whole is made easy of reference by an admirable index (wherein 
most journals are defective) at the close of the year, which, in fact, 
to a large extent, supplies a bibliography of astronomy for the year. 
The Journal of the British Astronomical Association contains a sum- 
mary of current periodical literature, the value of which to the mem- 
bers is abundantly vouched for. The Publications of the Astronomical 
Society of the Pacific contains a great number of admirable reviews or 
notes, and this department is receiving increased attention in Astron- 
omy and Astrophysics. The Observatory has perhaps the most com- 
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literature, to be found in English, while the excellent reviews in Nature 
and the more popular notes of the Athencewm need no special comment 
here. The Astronomische Nachrichten and the Astronomical Journal 
contain occasional notices of important works. 

The ‘‘Notes on some points connected with the progress of astron- 
omy during the past year” in the Monthly Notices of the Royal Astro-_ 
nomical Society have been increased in scope and fullness, and as the 
reviews in different branches of astronomy are furnished by specialists, 
these notes form a most valuable commentary on the year’s work. The 
Vierteljahrsschrift der astronomischen Gesellschaft is, of course, the crit- 
ical astronomical review, and is the recognized authority for summa- 
ries of cometary and planetary discoveries. 


STELLAR SYSTEMS. 2 

The Milky Way.—The independent researches of Prof. Pickering at the 
Harvard observatory and of Dr. Gill at the Cape of Good Hope have 
led to the conclusion that the stars of the Milky Way form a veritable 
sidereal system, separate and individual. This conclusion is entirely 
opposed to the views Sir William Herschel reached from his earliest 
observations (1785) which are still generally received by those who 
have not given much attention to this special question. Miss Clerke 
points out in the Observatory for September, 1891 (p. 302), that “the 
study of nebular distribution might alone, and long ago, have driven 
out of the field every form of ‘projection theory’ of the Milky Way. 
For it showed the great majority of gaseous nebule to be embraced 
within its circuit, and this alone amounted to a demonstration that a 
physical reality, and not simply a geometrical appearance, was in 
question.” 

A brief statement of the arguments of Prof. Pickering and of Dr. 
Gill is contained in a lecture by the latter delivered at the Royal 
Institution of Great Britain, May 29, 1891. Dr. Gill said: 


I pass now to another recent result that is of great cosmical interest. 

The Cape photographic star-charting of the Southern Hemisphere 
has been already referred to. In comparing the existing eye estimates of 
magnitude by Dr. Gould with the photographic determinations of these 
magnitudes, both Prof. Kapteyn and myself have been greatly struck 
with a very considerable systematic discordance between the two. 
In the rich parts of the sky, that is, in the Milky Way, the stars are 
systematically photographically brighter by comparison with the eye 
observations than they are in the poorer part of the sky, and that not 
by any doubtful amount, but by half or three-fourths of a magnitude. 
One of two things was certain, either that the eye observations were 
wrong, or that the stars of the Milky Way are bluer or whiter than 
other stars. But Prof. Pickering, of Cambridge, America, has lately 
made a complete photographic review of the heavens and by placing 
a prism in front of the telescope he has made pictures of the whole 
Sky. . . . He has discussed the various types of the spectra of the 
brighter stars, as thus revealed, according to their distribution in the 
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sky. He finds thus that the stars of the Sirius type occur chiefly in the 
Milky Way, whilst stars of other types are fairly divided over the sky. 

Now stars of the Sirius type are very white stars, very rich relative 
to other stars in the rays which act most strongly on a photographic 
plate. Here then is the explanation of the results of our photographic 
star-charting, and of the discordance between the photographic and — 
visual magnitudes in the Milky Way. 

The results of the Cape charting further show that it is not alone to 
the brighter stars that this discordance extends, but it extends also, 
though in a rather less degree, to the fainter stars of the Milky Way. 
Therefore we may come to the very remarkable conclusion that the 
Milky Way is a thing apart; and that it has been developed perhaps in 
a different manner, or more probably at a different and probably later 
epoch from the rest of the sidereal universe.* 


NEBULZ. 


In a paper by Prof. Keeler, communicated to the Royal Society by Dr. 
Huggins on March 19, 1891, the question of the position of the chief 
nebular line seems to be definitely settled. Prof. Keeler has not only 
made a series of sixteen complete measures, obtained on eleven nights, 
of the chief line in the spectrum of the Orion nebula, thus defining its 
apparent position when corrected for the earth’s motion, as 1 5006.22 + 
0.014, but has supplemented these by ten measures of the green hydro- 

gen line on seven nights. The latter show the nebula to be moving 
relatively to the solar system with a motion of + 10.7 + 1.0 miles per 
second, and oblige us to fix the true position of the chief line at 2 5005.93. 
The chief line is therefore 0.43 tenth meter more refrangible than the 
lower edge of the magnesium fluting, and as it has no resemblance to 
a fluting in appearance, and as flutings and lines of magnesium, which 
could not fail to appear at the same time with the fluting at A 5006.36 
are entirely absent from nebular spectra, the incorrectness of the view 
that the nebular line is the remnant of the magnesium fluting appears 
to be derhonstrated. 


Mr. Burnham has made a set of measures of the nebula in the 
Pleiades close to the star Merope. He remarks that it is one of the 
most singular and interesting objects in the heavens. With respect 
to its nearness to a bright naked-eye star (the distance between the 
centers is less than 40”) it is unique. There may be other examples, 
but certainly no other has ever been discovered, and this close asso- 
ciation of a faint nebula and one of the prominent stars of the Pleiades 
is an interesting fact, whether such association 1s accidental or other- 
wise. The accurate measures made by Mr. Burnham and Mr. Barnard 
will enable this point to be ascertained when others shall have been 
made sometime hence, and it will be possible to determine by compar- 
ison whether the new nebula is drifting in space with Merope and the 
other stars of this famous group. We have, of course, many examples 
of large stars involved in widely diffused and extended nebulous masses, 


*Publications of the Astronomical Society of the Pacific, 19. 
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but no instance has hitherto been known of a star bright enough to be 
visible to the naked eye having a small definite nebula within even sev- 
- eral times the distance of this from Merope. 


ASTRONOMICAL CONSTANTS. 


The Constant of Aberration—Prof. Comstock, of the Washburn Ob- 
servatory, has been making careful trial of a modification of the method 
of determining the constant of aberration first suggested by M. Loewy. 
The essential feature of M. Loewy’s method is the introduction of 
reflecting surfaces in front of the objective of a telescope, by means of 
which images of different portions of the heavens are simultaneously 
-produced in the focal plane of the objective. By means of the microm- 
eter the apparent distance between the images of two stars thus pro- 
duced may be measured, and the angular distance between the stars 
determined from a simple relation involving the measured quantity and 
the angle included between the reflecting surfaces. It is obvious that 
great difficulties would attend the determination of this angle, and M. 
Loewy avoids these difficulties by measuring the distances of two pairs 
of stars and taking the difference of these distances, thus eliminating 
the angle between the mirrors. Prof. Comstock has found it advan- 
tageous to place before the objective three reflecting surfaces instead 
of two, making approximately equal angles among themselves, and to 
employ successively each pair of surfaces in measuring the distance 
between two given stars. If the normals to these surfaces all lie in 
the plane passing through the two stars and the earth, the mean of 
the three dihedral angles formed by the surfaces will be exactly 120°; 
and by taking the mean of the results furnished by the three pairs of 
surfaces the distance between a pair of stars may be determined in- 
dependently of the angles between the mirrors. Prof. Comstock’s pro- 
visional result for the constant of aberration is 20/.494 +0/.017. 


MM. Loewy and Puiseux’s work on the Constant of Aberration is 
summarized as follows in a communication to the Comptes Rendus for 
March 16, 1891. 

1, Struve’s value 20.445 is very near the truth. It would, in our 
opinion, be premature to alter it. 

2. M. Fizeau’s result, that reflection does not affect the behavior of 
rays with regard to aberration, is confirmed. 

3. The new method for determining aberration can be regarded as 
satisfactory and definitive. 


STAR CATALOGUES AND CHARTS. 


The Star Catalogue of the Astronomische Gesellschaft.—The zone under- 
taken by the Harvard College Observatory +50° to +55° declination 
has been published as the fifth part of the great catalogue. The obser- 
vations were made with the new meridian circle in the years 1870-78 
and 1883~84, chiefly by Prof. W. A. Rogers, under whose direction 


PROGRESS OF ASTRONOMY FOR 1891 AND 1892. ~ 685 


the reductions have also been made. The right ascensions were 
observed chronographically over eleven vertical wires, and the declina- 
tions also chronographically over an inclined wire, the circle being 
read by two microscopes. The probable error of an observation in 
187078 is +0.9054 in right ascension and +0/.55 in declination, and is 
rather greater for stars fainter than the eighth magnitude than for 
brighter stars. 

The fifth volume of the Annals of the Leyden observatory contains 
the second half of the zone observations between + 30° and + 35°—em- 
bracing ten thousand observations. 

The Paris Catalogue.—The second part of this work, containing the 
places of stars from 6" to 12» of right ascension, has recently been 
issued, the first part having been published in 1887. There are really 
three catalogues, the first comprising observations from 1837 to 1853 
reduced to 1845.0; the second, those made from 1854 to 1867 reduced to 
1860.0, and the third from 1868 to 1881 reduced to 1875.0. The stars 
are arranged in the order of right ascension at 1875.0. A valuable 
memoir on the proper motions of the stars contained in the catalogue 
has been prepared by Bossert. 

Second Munich Catalogue—A second catalogue, containing 13,200 
stars for the epoch 1880.0 has been published under the direction of 
Prof. Seeliger supplementary to the larger catalogue recently issued. 
The stars are from the seventh to tenth magnitude within 25° of the 
equator, and were observed with the meridian circle during the years 
1884 to 1888. The positions depend upon Auwers’s Fundamental Cata- 
logue. 

Pulkowa Catalogue.—The Pulkowa catalogue of 5,634 stars for 1875 
is deduced from observations made with the meridian circie during the 
years 1874-80, and prepared for publication by Herr Romberg. The 
stars are of various classes, including many of the Struve double stars. 
A comparison is made with the places of several other catalogues. 

Oceltzen’s Catalogue.-—A new editon of Oeltzen’s catalogue of Argel- 
ander’s southern zones, —15° to —31°, has been published by Prof. 
Weiss. The total number of stars is 18,276, the positions being given 
for 1850.0 with the amount of the precession necessary to bring them 
to 1875.0. The places of stars north of —23° have been compared with 
Schénfeld’s Southern Durchmusterung, and south of that limit with 
other catalogues, thereby eliminating a considerable number of errors 
from the original places. 

Beddicker’s map of the Mitky Way.—Dr. Beeddicker, of the Earl of 
Rosse’s observatory at Birr Castle, has been at work since 1884 upon 
an elaborate map of the Milky Way from the North Pole to 10° south 
declination, and has at length finished this very laborious task. His 
plan has been to exhibit the ramifications of the Milky Way as it ap- 
pears to the naked eye, a necessary first step to the knowledge of the 
structure of the sidereal universe. No optical help has been used. 


» 
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Prof. Pritchard has continued in Part Iv of the publications of the 
Oxford University Observatory his work upon the photographic deter- 
mination of stellar parallaxes. He has concluded “from actual and 
prolonged experience that an accuracy, amply sufficient in the present 
condition of astronomy, is secured by observations of each star made 
on twenty-five nights advantageously selected throughout the paral- 
lactic year, four exposures being usually made on each night.” 

The general result of the investigations of the parallax of thirty 
northern stars of the second magnitude is that the average parallax of 
a star of the second magnitude is 0.056; and comparing with this 
the result of Drs. Gill and Elkin for the average parallax of fourteen 
first magnitude stars, viz, 0.//089 we see that there is distinct evidence 
that the brighter stars are nearer—though it should be borne in mind 
that the heliometer was used by Drs. Gill and Elkin, and the photo- 
graphic method by Prof. Pritchard. 

Following is a tabular statement of the Oxford results. Tworesults 
a and b are obtained, from two comparison stars; the probable error 
of each result is about +0.//025: 


Parallax. 
Star. 
a | b 
park ee 3 Te pees i 
a A ndromed asc. e0 <= ee sas +0, 0865 -+ 0. 0600 
B Andromedc:-2 77-2 -- += =< | -+ .0610 | + . 0860 
arAriotis: eee eee | + .0880 | + .0715 
aePersel seen eee ena | + .0996 | + .0738 
B: Persea, os casece ee eee eee + .0642 | +4 .0529 
B Vantiss eccus ace tec oeeee + .0736 | + .0529 
BeAurigewes.s.4-9=- eee + .0591 | + . 0652 
¥y) Genin Oruinks.s sees —- .0135 | — .0833 
a. Ursee Majoris see -rea=ee + .0486 | + .0436 
6 Urse Majoris........-.--- fe eel 2 OY 
Ih yi Uarsaae Mia Onis; es vemee ee | + .0768| + .1206 
e> Urea Majorig..s- secon * + .0832) + .0792 
n Urs Majoris.....-3.2.--2 — .0309 | — .0628 
pTheonis' 6. oheeancse knee + .0490 | + .0087 
BLU rs Manoris-c28-- sees — .0200 | + .0644 
a CORON Aas OSs eer ences — .0255 | — .0493 
y DPACONISy: <a sceace eee ee + .0625.) + .. 0371 
ty COV PIN in foreman ae eet + .1107 | + .0931 
6 Cy OUt eer eet ee area + .0927].+ .1629 
a POGast. 2 ecm ees + .0913 | + .0719 
| @ P@CASl cee cas eee eee + 0693; + .0919 


Yale heliometer determinations of stellar paraliax.—Dr, Elkin pub- 
lishes the following preliminary results of his investigations of the 
parallaxes of the first magnitude stars in the northern hemisphere, 
proposing to continue his observations until he has secured one hun- 
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dred sets of measures of each of the ten stars—that number being 
required in his opinion to furnish parallaxes with probable errors not 
much above 0/’.01: 


e } 
Star. Parallax. pee es mAbs | po ee 
* json stars.| é 
| = 
at Ww 

(ad tron a Es) ee ea er gees SE +0. 101 +0. 022 6 65 
Toda ELLE Sy Sees tee eee See +0. 095 0. 021 5 51 
MOTION A Ee Ao eh es a3 +0. 022 0. 022 6 48 
a Canis: Minoris’. ......<-.25 +0. 341 0. 020 6 48 
B Geminoram +...) :..<.-< -+0. 057 0. 021 6 48 
a Leonisree Sor ase eecae2 +0. 089 0. 026 | 10 43 
 BOOURS 22 oe oan netiscess < +0. 016 0.018 10 89 = 
fie ines, DR Sein eee +0. 092 0.019 6 67 
Cn Nr Gr Ne Ae ee are +0. 214 0. 023 10 46 
Co Dette = 8, 5a oe eee —0. 012 0. 020 af 49 


Determination of stellar parallax with a transit instrument.—Prof. 
Kapteyn has published a paper of much interest, upon the determina- 
tion of relative stellar parallax by observations of the differences of 
right ascension between the selected star and neighboring comparison 
stars made with the transit instrument and chronograph. The compar- 
ison stars are selected of about the same declination as the star whose 
parallax is to be determined and symmetrically situated at slightly 
greater and less declinations. The differences of right ascension and 
of magnitude should be small. Special precautions are taken to elimi- 
nate all ordinary instrumental errors, particularly the error of clock 
rate, which has an important effect. 

The following are the results published by Prof. Kapteyn. The prob- 
able error given in each case is not far from +0./03: 


ee Star. Parallax. Star. Parallax. 
| ee vv 

Bonn VULS1 7-2... +0.074 || Bonn VII 104..-.-. +0. 428 
6 Urse Majoris... + .052 105. = =. + .168 
Bonn VII 85 .....- + .064 ULORE cs + .030 
20 Leo Minoris.... + .062 Ate O16 
Bonnwvyeld soe. + .176 10 Ee pel S9 
Bonn VII 94 ..-.--- + .101 phi eee + .038 
Bonn VII 95 ...-.-- + .038 | PLOT ora | -+0. 056 
a2 6 (Ose ars 21 =: =e —0.011 


Parallax of 6 Herculis.—Prof. Leavenworth has found a parallax of 
+0.//050 £0.”014 from his own observations of this star; and from a 
series of observations published by Dembowski in his “ Double Star 
Observations,” +0.//030 + 0.015. 

Parallax of P Urse Majoris.—Dr. Franz finds from heliometer ob- 
servations of this star at Kénigsberg from 1883 to 1890 a parallax of 
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+0./10 with a probable error of 0.01. As the annual proper motion 
is 3”, this parallax implies that the star is moving through-space at a 
rate of 88 miles a second. Dr. Franz’s result is considerably smaller 
than that obtained by Prof. Geelmuyden from transit observations, 
a—0.27 from differences of right ascension, and 0.//24 from differences 
of declination. 


DOUBLE AND MULTIPLE STARS. 


Gore’s catalogue of binary stars—Mr. Gore has compiled a useful 
catalogue of binary stars, for which orbits have been computed, giving, 
besides the elements, date of computation, etc., the magnitudes, colors, 
spectra, hypothetical parallax, observed parallax, relative brightness, 
and the constants A and B for use in Mr. Rambaut’s method of com- 
puting the parallax from the orbital motion of the star in the line of 
sight. The more recent measures are given in a series of notes. The 
catalogue was originally communicated to the Royal Irish Academy, in 
June, 1890, and has been reprinted from the Proceedings. 


Prof. Asaph Hall has made a further discussion of the relative motion 
of the two components of 61 Cygni and the question whether there is 
anything in the nature of a physical connection between the two. His 
conclusion is in favor of such connection, but although accurate obser- 
vations of the mutual distances and angles of position date from 1825, 
and Prof. Hall includes in the discussion those made by himself up to 
1891, it is not possible to reach any result with regard to the period of 
revolution, except that it is long. 


Two lists of double stars discovered by Mr. Burnham, most of them 
with the 36-inch refractor, have appeared during 1892, bringing Mr. 
Burnham’s double star discoveries up to 1264. Most of his measures are 
of the more difficult or interesting doubles, a measurement of 0/’.1 being 
apparently quite a simple matter. Mr. Burnham has also published a 
number of investigations of double star orbits, and collected lists of 
measures. 


Among lists of recently published measures of double stars should 
be mentioned the series of observations of 950 stars by Prof. Hall made 
from 1880 to 1891, with the 26-inch equatorial, of the United States 
Naval Observatory. With reference to the reduction and discussion 
of double star measures, Prof. Hall says: “The formule and corrections 
for personal equation of observation seem to me of doubtful utility, and 
a better way is to compare the measurements of the same star by 
different observers.” - 

Discovery of double stars by means of their spectraa—tIn the review 
of astronomy for 1889-’90 attention was called to Prof. E. C. Picker- 
ing’s discovery of the duplicity of € Urse Majoris and # Aurige 
through pecularities in their spectra which indicated differences in the 
motions of supposed components: 
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Prof. Pickering has more recently called attention to another 
interesting class of “invisible double stars,” detected in a somewhat 
similar way by peculiarities in their spectra. 

Of many double stars the brighter component is red or yellow, while 
the fainter component is green or blue. The spectroscope shows that 
this is due to the fact that the spectrum of the brighter component is of 
the second type, like our sun, while the spectrum of the fainter compo- 
nent is of the first type, traversed by strongly marked hydrogen lines. 
If the stars are near together the spectrum of the combined light re- 
sembles that of the sun, except that the hydrogen lines are all strong. 
Stars like 6 Cygni give such a spectrum, but the components are so far 
apart that the separation of their spectra is clearly shown. _Several 
stars hitherto supposed to be single have been found whose spectrum 
is of the class described above, and the question arises whether they 
may not really be double with components so close that they can not be 
separated by ordinary means. Inthe detailed examination of the spec- 
tra of the brighter stars made by Miss Maury upon the Harvard photo- 
graphs, stars occupying all intermediate grades from the first to the 
second type have been found, and it is difficult to determine whether 
there are really two spectra or merely changes in the spectrum of a sin- 
gle star due to physical causes. Upon the hypothesis of duplicity the 
hydrogen lines would probably show a periodic displacement, and in 
fact an examination of four photographs of the spectrum of Procyon 
does show a displacement of the lines which, if the phenomenon is due 
to the relative movement of a faint component, would seem to indicate 
that it is receding at the rate of 20 kilometers per second as compared 
with the bright component. The evidence of duplicity is not con- 
sidered conclusive by Prof. Pickering, but, from an examination of ten 
other stars having a similar composite spectrum, five are well-known 
doubles, two have distant companions, leaving three, 7 Persei, 
C Aurige, “and 6 Sagittarii, which it would seem from the above consid- 
erations may possibly be double. 


VARIABLE STARS. 


Algol.—Mr. Chandler has published the results of an interesting 
investigation of the variable star Algol, the periodicity of which ap- 
pears to have been first discovered by Goodricke, at York, in 1782; and 
the explanation suggested by. him of the periodic diminution of the 
brightness, that it is produced by the interposition of an opaque sat- 
ellite, is now generally accepted, confirmed as it has recentiy been, by 
the investigations of Prof. Vogel. Mr. Chandler, after an elaborate 
investigation of the inequalities in the period, and also of the irregularity 
in the observed proper motion of Algol, has found that they may be 
satisfactorily accounted for by supposing that both Algol itself and the 
satellite which revolves round it in about 2 days 20.8 hours have a 
common revolution round a third, large, distant and opaque body, ina 

H, Mis. 114-——44 
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period of about 130 years. The size of this orbit around the common 
center of gravity is about equal to that of Uranus around the sun, 
The plane of the orbit is inclined about 20° to our line of vision. 

Several interesting cases of variability have been detected in the 
examination of the photographs of stellar spectra at the Harvard Ob- 
servatory all showing the bright hydrogen lines; the change in bright- 
ness exceeding two magnitudes. The director of the Harvard Obser- 
vatory has called for the cobperation of astronomers provided with tele- 
scopes of moderate power and not otherwise engaged, for the observa- 
tion of a list of seventeen cireumpolar variables of long period. The 
methods to be followed are set forth in a circular issued by the observa- 
tory, and accessible to all who are interested. 


Nova Aurige—One of the most remarkable outbursts of “new stars” 
or “nove” that has ever been recorded, occurred during the year 1892— 
a phenomenon of double interest in that it afforded an opportunity of 
study under improved astronomical apparatus. 

On February 1, 1892, an anonymous postal card was received at the 
Royal Observatory, Edinburgh, announcing the presence of a new star 
in the constellation Auriga. It subsequently turned out that the dis- 
coverer was Dr. Thomas 8S. Anderson, an amateur astronomer living in 
Kdinburgh, that the discovery had been made by the help of a star-atlas 
and a small pocket telescope, and that the star had been seen by him 
for some days previous to February 1; it wasof about the fifth magnitude. 
In the first observations at Edinburgh it was found to be of a yellow 
tint and about the sixth magnitude, its position for 1892 being right 
ascension 5> 25™ 3°; declination +30° 21’. Very fortunately system- 
atic photographs of this region had been made for some time by Prof. 
Pickering at the Harvard Observatory, and the Nova was in fact found 
to have been photographed on thirteen plates taken between December 
10, 1891, and January 20, 1892; while it does not appear upon a plate 
taken at Heidelberg on December 8, which shows stars down to the 
ninth magnitude. The outburst, at least above the ninth magnitude 
seems, therefore, to be pretty well fixed between December 8 and 10, 
1892. 

The Nova remained of the fourth or fifth magnitude till the end of 
February, then diminished somewhat rapidly, and by the end of March 
it was of the twelfth to fourteenth magnitude. 

In August it was again easily visible. At the Lick observatory it 
was found to be of 10.5 magnitude on August 17, and 9.8 on August 
19, and further fluetuations in brightness have occurred. 

The spectrum was of the greatest interest. The chief characteristic 
was a brilliant array of bright, broad lines, attended by dark compan- 
ions on the more refrangible sides. Numerous finer details were then 


added, dark lines crossing the broad, bright pauls and bright lines 
marking the dark companions. 
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Three lines have attracted more especial attention on account of their 
intimate connection with the suspected physical constitution of the 
star. ‘These are (1) the bright-green line near b,, and the less refran- 
gible edge of the hydrocarbon band; (2) the line near the chief 
nebular line 15006, and (3) the line near the pair of chromospheric 
lines A4923 and 14921. When the wave length of these lines, as quoted 
by the observers, are corrected for motion in the line of sight, and 
arranged in a table, the mean values come out very close to the wave 
lengths of three notable pairs of solar chromospheric lines ; while mag- 
nesium and the hydrocarbons, as possible origins of ine (1), are ex- 
cluded by the absence from the lists of their inseparable companion 
lines and flutings. 

Line (2) is claimed by four observers for the ach nebular line, but 
the weight of evidence seems to be against its nebular origin, and the 
outburst would seem to be a vast chromospheric disturbance, a view 
confirmed by Dr. Huggins’ observation of the complete series of bright 
hydrogen lines in the ultra-violet—the same that Hale and Deslandres 
found in the solar chromosphere—but each with its dark companion. 

An interesting article advocating the meteoric theory in explanation 
of the outburst is given by Prof. Lockyer in Volume 31 of the Nine- 
teenth Century. The chromospheric theory ef the near approach of 
two stars is given by Dr. Huggins in the June number, 1892, of the 
Fortnightly Review ; Seeliger’s modification of the meteoric theory is 
translated in Astronomy and Astrophysics for December, and a single- 
star chromospheric theory is offered by Sidgreaves in the October 
number of the Observatory. 


STELLAR SPECTRA. 


Draper catalogue of stellar spectra.—Volume 27 of the Harvard An- 
nals contains a catalogue of the photographic spectra of more than ten 
thousand Stars north of 25° south declination. The photographs were 
taken with an 8-inch Voigtlander lens, in front of which was placed a 
prism 8 inches square, with a refracting angle of 138°. The edge of this 
prism was so fixed that the star’s light was dispersed in declination, the 
length of the spectrum being about a centimeter, and the star being 
allowed to trail slightly gave the spectrum a width of about a millimeter. 
Each plate covered 10° square and the spectra of all stars to the sixth 
magnitude were photographed. The spectra are divided, for conveni- 
en ce, into a large number of classes—A B C D indicating varieties of the 
first type; E to L, varieties of the second type; M, the third type; N, 
the fourth type; and O P Q spectra that do not resemble any of the 
preceding types. One of the most important features of the work is 
the method by which photographic magnitudes have been assigned. 
“¢The quantity measured in each case is the intensity of the spectrum 
in the vicinity of the G line. Accordingly, when stars having different 
spectra are compared, the results will not be the same as if the entire 


* 
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light of the stars were measured. In the latter case, the results will 
differ with the color of the star, according to the method of measure- 
ment employed. This is a serious defect in the measures of the bright- 
ness of the stars in catalogues hitherto published. Since the present 
measures relate to rays of a single wave-length, the same result should 
be obtained whether the method of comparison was by the photographic 
plate, the eye, or the thermopile.” 

The Draper catalogue gives the approximate positions of the stars for 
the year 1900, with their reference numbers in the Bonn Durchmusterung 
and the Harvard Photometry; their class of spectrum by letters; their 
photographic magnitudes and the differences of these from the magni- 
tudes of the Durchmusterung, the Argentine General Catalogue and 
the Harvard Photometry. A well arranged table gives the details of 
the measures of magnitude on the various plates on which each star 
appears. The whole sky to 25° south declination was photographed 
twice with plates overlapping. 

Volume 26, part i, of the Harvard Annals gives additional details 
respecting the photographs, their measurement and reduction not con- 
veniently included in the catalogue volume itsel{—a complete history 
of the Draper Memorial. A point brought out in the various matters 
discussed in this volume is the predominance of the first type spectra 
in the Milky Way elsewhere referred to, and the systematie underval- 
uing of the brightness of the Galactic stars by about one-fifth of a mag- 
nitude, by the “Durchmusterung” and “ Uranometria Argentina” as 
compared with the Harvard photometric and photographic magnitudes. 

A third volume is to follow devoted to the work of the 38-inch Draper 
telescope during the years 1889 and 1892 and to the discussion of stars 
of peculiar spectra. 

A fifth type of stellar spectra.—Prof. BK. C. Pickering has proposed to 
class in a “fifth type” stars whose spectra resemble those of the stars 
discovered by Wolf and Rayet. In general, his photographic survey 
has confirmed Secchi’s fourfold division of stellar spectra, but many 
stars in Orion and the neighborhood -differ considerably from the 
ordinary first-type stars, the additional lines, instead of being faint as 
in Vega, being nearly as intense as the hydrogen lines, while two 
classes of objects, the planetary nebule and the stars, the spectra of 
which consist chiefly of bright lines, are left unprovided for. Prof. 
Pickering points out the close similarity of the grouping of the lines in 
these three classes and also the striking character of their distribution. 
While stars of the second and third types are about equally divided 
between the Milky Way and the regions remote from it, two-thirds of 
the first-type star le in or near the Milky Way and of the Orion stars 
four-fifths are found in the Milky Way. 

A similar distribution of the planetary nebulz has long been recog- 
nized, and Prof, Pickering shows that, of thirty-three stars known as 
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the “ Wolf-Rayet,” or as he suggests the “fifth type,” every one lies 


within 10° of the Galactic equator, two-thirds within 2° of it. 

a Virginis.—Dr. Vogel’s more recent observations of a Virginis at 
Potsdam accord with his earlier observations of the same star, show- 
ing that it is a close binary. The method of observation is quite 
interesting : The spectrum of the star and of terrestrial hydrogen are 
photographed together, and the displacement of the star lines on the 
photograph in the neighborhood of H y is afterwards measured under 
a microscope. Stars with spectra of the second and third types give 
results of considerable accuracy, as the lines in such stars are numer- 
ous and sharp. 

In the case of a Virginis the difficulties of observation were greater, 
the hydrogen lines being broad and diffuse, without any definite maxi- 
mum of intensity, and there were no distinet lines in the vicinity of 
Hy to which the measurements could be referred. Dr. Vogel’s meas- 
urements of twenty-four photographs showed that the star lines were 
displaced alternately toward the upper and the lower end of the spee- 
trum in a complete period of about four days, the maximum displace- ° 
ment toward the violet indicating a motion of the star toward the sun 
of 65.9 English miles, and that toward the red a receding motion ot 
47.5 miles per second. These observations are completely explained by. 
supposing that Spica is a binary star having a period of one compo- 
nent about the other or the common center of gravity of about 4 days, 
(the orbital velocity of the larger component being 56.7 miles per sec- 
ond) and that the system is approaching the sun at the rate of 9.2 
miles per second. On the assumption of a circular orbit, equal mass of 
the components, and the data given by observation, the mass of the 
system is 2.6 times that of the sun, and the distance between the 
components 6,260,000 miles. 

In commenting upon Dr. Vogel’s work Prof. Keeler says, ‘‘ A won- 
derful picture of stellar motion is presented to our mind, and one to 
which the whole visible universe as revealed to us by our greatest tele- 
scopes offers no parailel. The spectacle of two great suns like our own, 
revolving around each other in only four days, at a distance no greater 
than that which separates the sixth satellite of Saturn from its 
primary, is one which the inadequacy of our optical powers will proba- 
bly ever forbid us from actually beholding, but the indirect evidence 
that such extraordinary circumstances of motion exist is so complete 
that we must admit their reality.” 

fp Aurige.—The Potsdam observations furnish a complete confirma- 
tion of Prof. Pickering’s discovery of the duplicity of this star. The 
lines in the spectrum of the star appear double on every second day, 
and the component, in the line of sight, of the motion of the system can 
amount to nearly 150 miles a second, while the whole system has a 
motion relatively to the solar system of —4.03 miles; that is, a notion 
of this amount per second towards the solar system. 
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€ Urse Majoris.—The duplicity of € Urse Majoris is not so satisfac- 
torily confirmed. The maximum relative velocity of its two com- 
ponents seems to amount to about 100 miles per second. 

a Bootis—My. Keeler’s recent measures upon the D line of the spec- 
trum of Arcturus show that the velocity in the line of sight is not 80 
kilometers per second, the value hitherto accepted, but 6.4 kilometers, 
which accords with the result obtained by Dr. Vogel. The mean of the 
measures at Potsdam from October 5, 1888, to May 23, 1890, is —7.1 
-+-0.3 kilometers. The Lick observations from April 20, 1890, to August, 
15, 1890, give —6.9 kilometers. 


_ASTRONOMICAL PHOTOGRAPHY. 


The photographic chart of the sky.—The third* meeting of the perma- 
nent committee, appointed by the Astrophotographic Congress at Paris 
in 1887, was held at the Paris observatory from March 31 to April 4, 
1892. Admiral Mouchez presided, the members of the committee pres, : 
ent being Baillaud, Bakhuyzen, Beuf, Christie, Denza, Donner, Gill- 
Henry (Paul), Henry (Prosper), Janssen, Kapteyn, Loewy, Mouchez, 
Pujazon, Rayet, Ricco, Tacchini and Trépied. The following astrono- 
mers were also present by invitation, Messrs. Abney, Andoyer, Belo- 
polsky, Bouquet de la Grye, Cornu, Knobel, Gautier, Maturana, Plum- 
mer, Scheiner, Tisserand, and Wolf (C). 

Drs. Bakhuyzen and Gill were elected vice-presidents and Prof. 
Kapteyn and Trépied secretaries. 

From reports of progress made at different observatories the follow- 
ing notes indieate the advancement of the work: 

Some delay had been experienced in securing the plates containing 
the reference lines or “réseaux,” but provision was finally made to 
furnish them at an early day, as well as the photographic plates which 
it was necessary should be of a specially good quality of plate glass. 


Algiers.—Instruments ready and only awaiting the plates and “ réseau.” 

Bordeaux.—Photographic installation has been ready for about a year; a number 
of experimental photographs have been taken and the work can commence as soon 
as a supply of plates is secured with the necessary ‘‘réseaw.” 

Cape of Good Hope.—Instrument practically ready. 

Catania.—The instrument has been completed. 

Helsingfors.—The instrument has been ready for several months and a considerable 
number of photographs have been taken. 

La Plata.—Instrument ready. 

Melbourne.—Instrument ready and a number of experimental plates have been 
secured. 


Oxford.—Instrument ready and a number of plates submitted to the committee. 


* The first meeting of the committee, for ei otencur etc., was held at the time of 
the Congress in April 1887, the second meeting or the first regular meeting for dis- 
cussions, in September, 1889 (not 1890, as stated by a misprint in the review of As- 
tronomy for 1889-90). 
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Paris.—Instrument ready. 


Potsdam.—Instrument ready and a number of plates submitted to the inspection of 
the committee. 


Rio de Janeiro.—The photographie equatorial has been received and will be 
mounted at the new site of the observatory. 


ftome ( Vatican).—The instrument has been completed. 


San Eernando.—The instruments are mounted and work can be begun as soon as 
the réseau is received. 


Santiago.—The instrument is finished, but, owing to political disturbance in Chile 
it is impossible to fix a day for beginning the work. 

Sydney.—Ready except for the “réseau.” 

Tacubaya.—Instrument ready and a number of experimental plates submitted. 

Toulouse.—The instrument was one of the first te be mounted; the “réseau” and 
photographic plates are only needed to begin the work. 

Following is a summary of the resolutions adopted at this meeting: 

(1) No change is made in the conditions of distance and magnitude 
of the stars that have formed the different parts of the catalogue of 
guide stars. 

It, however, the guide star of the catalogue is not bright enough, a 
brighter one may be selected up to a distance of 40/ from the center 
of the plate. 

(2) The “réseau” is to be photographed upon each plate by parallel 
rays of light. (To replace resolution 15 adopted at the meeting of 1889.) 

(3) The orientation of the plates in zones above 65° declination will 
be arranged for the equinox of 1900; for other stars the parallel will 
be referred to the apparent equinox. 

(4) The work decided upon by the congress of 1887 comprises two 
series of negatives made with different exposures. The committee, 
while urging special activity in securing plates of shorter exposure 
(negatives intended for the catalogue), would suggest that the best 
nights besalso taken advantage of for plates of longer exposure (for 
the chart). 

(5) Negatives from which the catalogue is to be formed will have 
two exposures for the same plate, one showing faintly the images of 
stars of the eleventh magnitude, the other with an exposure twice as 
long, the distance of the two images being 0.2 to 0.5 of a millimeter. 
(To replace resolution 23 of the meeting of 1889.) 

(6) MM. Abney and Cornu are added to the committee on reproduc- 
tion of the negatives. 

(7) With reference to the production of the chart, purely photo- 
graphic methods will be used, to the exelusion of all manual interven- 
tion. 

(8) For the chart proper (long exposures) a series of negatives with 
single exposure will be taken, having an even degree of declination in 
the center of the plate. Further study will show whether it is desir- 
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able that in the second series (those with an odd degree at the center) 
there should be two or three exposures. 

(9) To make it possible to pass uniformly and with certainty from 
Argelander’s ninth magnitude to the eleventh magnitude desired for 
the negatives of the photographic catalogue there will be distributed 
among the observatories fine wire-gauze screens, absolutely identical, 
which, when placed over the object glass of the telescope will diminish 
the magnitude of a star by two units (adopting the coefficient 2.512 for 
the ratio between two consecutive magnitudes). Hach observatory will 
from time to time make type negatives of certain specitied regions. 

(10) The committee suggests forty minutes as the length of exposure 
of the plates for the chart (the series of even declinations) under the ordi- 
nary atmospheric conditions of Paris, and with the Lumiére plates used. 

Thecommittee on metallic screens will furnish the Messrs. Henry with 
a screen with which they will determine the time ¢ for obtaining the 
eleventh magnitude stars of Argelander’s scale. ‘Then for each obser- 
vatory provided with an identical screen, the ratio 40 :t will be the factor 
by which to multiply the time of exposure necessary to secure satisfac- 
tory images of eleventh magnitude stars, in order to obtain the proper 
exposure for the chart plates. 

(11) The questions of the number of reference stars for each nega- 
tive for the catalogue, the choice of the stars, and the necessary steps 
to secure meridian observations are referred to a special committee, con- 
sisting of Messrs. Auwers, Bakhuyzon, Christie, Ellery, Gill, Kapteyn, 
and Loewy, with full powers. 

(12) As soon as convenient each observer will prepare, or will have 
prepared by any observatory or bureau he may seleet— 

(a) Measures of the position of each star on the catalogue referred by 
rectilinear codrdinates to the nearest lines of the * réseau.” 

(b) Measures necessary for the determination of the stars’ magnitudes. 

The different observatories will publish the separate results of these 
measures and the Permanent Committee will undertake their reduction 
as soon asa sufficient number of meridian observations of the reference 
Stars is at hand. ; 


(13) The work upon the chart will commence at each observatory as 
soon as the metallic screen reducing the stars by two magnitudes is re- 
ceived, involving probably a delay of twomonths. Hach observer may, 
however, begin before receiving the sereen if he is confident that he ean 
get all stars of the eleventh magnitude upon the catalogue plates. 

(14) Without adopting a formal resolution, the committee would 
recommend as a separate and personal investigation, that a special series 
of negatives with long exposures be madeof theregion near the ecliptic. 
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The following distribution of the zones among the different observa- 
tories was definitively adopted in place of that previously published: 


Observatories. Latitude. Zone. | No. of | 
| | : plates. | 
| 
| | | | 
| | ° / ) ows 
WGmeenwich= (ae! sas<ss-5-- | +51 29) +90to+65 | 1149 
AST Cyaan ae Be Gee ete +41 541 +464 +55) 1040 | 

Watantarsn aca nee eet 2a 2 +37 380 +54 +47, 1008 | 

WL OISIROTOLR, 6 cee hee 3 | +60 9) +46 +40) 1008 

WP OU an es oe eo os aes | 52 23 30) at opal) ese, 

DO SPOnG ase aterae- eee 2 | -ol 46; +31 +25, 1180 | 
ATI eee tae ei | +48 50| +24 +18 1260 | 
Bordeaux wc os eke cee | -+44 50 +17) +11 1260 
MEOUIOUSG. =. Ro sese ass eae | +43 37 +10 45 1080 
AMIENS 32) 8 SSR ees, oe | +36 48 4- 4 =r} 1260 

| san Hernando)... =. << <a | +36 28; —3 =91) 1260 

) Dacubayaic: 2.222562 -5s<-5-5] Pig 244 =10)> = 164 1260 | 
Santiagor: (S27 .202 as oe8 ce: —33 27| —17 —23; 1260 | =~ 

I OG ee eg ee —34 35 —24 —31 1360 | 
Rw demMAaneimos =: o-s2:.ee. 52 | —22 564) —32 —40; 1876 | 
Cape ot Good Hope......-.-- fo —o3) 00 a ps 1512, | 

iS PESruiiney pier ete ote fre | —88 52] —52 —G1| 1400 | 
MebOUINE: |. == - Seco es. 2  _ =87- 1500) 9-65 —905) 149 


(16) Every year before the end of January a report upon the progress 
of the work will be made to the bureau of the Permanent Committee. 

(17) The thanks of the conference were voted for the courtesy of 
the Academy of Sciences in printing the Bulletin, and the hope was 
expressed that the different governments would provide the necessary 
means for the observations themselves and for the publication of the 
chart. 


The sixth fasciculus of the Bulletin contains papers by Prof. Kap- 
teyn and M. Sautier on the parallactic micrometer, and upon photo- 
graphic magnitudes by Profs. Wolf and Dunér. The latter subject has: 
also been discussed by Dr. Scheiner in the Astronomische Nachrichten,. 
by Prof. Pritchard in the Comptes Rendus, and by Mr. Christie in the: 
Monthly Notices. 

Photographs of the Pleiades.—Rutherford’s photographs of the Plei- 
ades taken in 1872 and 1874 have been selected for measurement by 
Mr. Jacoby as offering an opportunity for comparing the accuracy of the 
photographs with that of heliometer and micrometer measures. Hach 
plate contains two impressions of the cluster, both of which were meas- 
ured. Mr. Jacoby’s method consisted of measuring the position angle 
and distance from the star 24 p, and he finds the probable error of the 
mean of the twenty exposures to be about + 0.03 in each element. 

A comparison between these photographic places and the places: 
resulting from the Yale and Kénigsberg heliometers shows that the: 
photographs are fully entitled to be taken into consideration in making: 
a study of the proper motions or in forming a definitive catalogue of 
the group. 


Dr. Max Wolf, of Heidelberg, with a portrait lens of 23 inches 
aperture, has not only discovered new nebulz on his long exposure pho- 
tographs, but new minor planets; several meteors which crossed the field 
left perfectly distinct records. 
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In a series of papers in the Bulletin Astronomique M. Schulhof has de- 
veloped in an interesting way the relations existing between the elements 
of a comet’s orbit before and after it suffers perturbation by a planet. - 
That the periodic comets of our system have been captured through the 
perturbing action of planets appears established ; and Mercury has four 
comets assigned to it, Venus seven, the Earth ten, Mars four, Jupiter 
twenty-three, Saturn nine, Uranus eight, Neptune five, and a further 
group of comets appears to give a feeble indication of an ultra-Neptu- 
nian planet at a distance from the sun of about seventy times that of 
the earth. 

The search for new comets has been systematized by the cometary sec- 
tion of the British Astronomical Association under the direction of Mr. 
W.F. Denning. The aims of this section are to secure observations of 
comets, to discover new comets and nebule, to record telescopic me- 
teors, etc. It is intended to sweep the sky regularly for new comets, a 
definite region being assigned to each observer according to convenience 
and choice. 


The following notes, relating chiefly to the comets of 1891 and 1892, 
will complete the list of comets published in these “ Reports of Progress,” 
from 1883 to 1892. It is hardly necessary to remark that the most 
complete and authoritative annual summary of cometary phenomena is 
that published by Dr. Kreutz in the Vierteljahrsschrift der Astronom- 
ischen Gesellschaft. 

The arrangement adopted below is the order of perihelion passage, 
except in the case of well-known periodic comets, such as Encke’s, 
Winnecke’s, etc., which are arranged alphabetically by their recognized 
names. The table of elements appended is to be regarded as only 
approximate, but is sufficient to furnish an idea of the general form 
and position of the orbit. 


Comet Encke: 


| a ae 
_ The return of Encke’s well-known periodic comet; 
—Comet 1891, III. 


Si first found by Barnard, from the ephemeris, on Aug- 
ust 1,1891. It was then exceedingly faint, but in September it had 
increased to a nebulous mass of about the sixth to seventh magnitude. 
The comet was unfavorably situated for observation after the end of 
September, the last observation reported being October 11. It is note- 
worthy that its path at this return was almost the same as in the return 
of 1858, and a comparison of the brightness on these two occasions 
would seem to indicate that it has not undergone any material change. 
in physical condition during the interval. 

Comet Tempel.—Tempel’s first periodic comet, and of rather unusual 
interest, was unfortunately missed at its return in 1892, being unfavor- 
ably situated for observation. 

Jomet Tempel;-Swift : _ This periodic comet returns to the sun 
=Comet 1891 V. _ onee in every five and a half years, but un- 
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der conditions alternately favorable and unfavorable for observation. 
it was originally discovered by Tempel in 1869, was picked up again in 
1880 by Swift, and again upon this return by Barnard. At its inter- 
mediate returns in 1875 and 1885 it was so situated with reference to 
the earth and sun as to have been entirely invisible. A very carefully 
prepared ephemeris by Bossert, taking account of the perturbations 
from i880, enabled Barnard to find the comet on September 27, 1891, 
and it was independently found by Denning at Bristol on September 
30. It was described as a faint, shapeless nebulosity, with slight con- 
densation about the center, but even at its brightest, towards the end 
of November, it was a difficult object for precise observation, a fact 
all the more to be regretted as its position would render it of especial 
value for the determination of the distance of the sun. te 


Comet Winnecke: | Winnecke’s well-known periodic comet was picked 
=Comet 1892 IV. | up at this return, through the help of von Haerdtl’s 
ephenreris, by Spitaler at Vienna on March 18, 1892; it was then an 
exceedingly faint and small nebulous mass with stellar nucleus of the 
sixteenth magnitude. It increased in brightness towards perihelion 
(on June 30), and after perihelion was observed in the southern hem- 

isphere till the end of September. 

Comet 1886 IV,* which was discovered by Brooks on May 22, 1886, 
was expected to make its first return to perihelion in the latter part of 
1892, but was not found. The orbit is somewhat uncertain. 


Comet 1889 V.—To quote from the first of a series of masterly papers 
on the orbit published by Mr. Chandler in the Astronomical Journal: 
“The vicissitudes in the history of this comet give it an interest 
exceeded, perhaps, by no other in astronomical anuais; and the settle- 
ment of the problems connected therewith promises to illuminate our 
knowledge of cometary mechanics in various important particulars. 

While the manner in which the comet became separated into several 
parts, by its encounter with Jupiter in 1886, may possibly require for 
its precise exposition the observations which will be obtained at the 
next appearance in 1896, we may hope for an approximate answer in 
the careful discussion of those made in 1889 alone. . . 

To begin with, it is necessary to notice some of the physical phe- 
nomena presented by the companions. The notation used will be the 
letters assigned by Barnard, B C D and £ in order of the distances 
from the main comet .A. As is known, B and C were detected by him 
on August 1, with the 12-inch, D and Lon Aueust 4, with the 36-inch. 
It is desirable to remark here that the reason for their not having been 
discovered in the previous month, on July 8, 9 and 10, can not have 
been superposition by perspective, at least in the case of C and the 
more distant companions; for the orbit of C . . . shows that 


* See Smithsonian Report 1887, p. 123. 
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such superposition occurred two months previous to discovery of A 
by Brooks, and gives for July 8 a distance of 190” at 62°.5 position 
angle. That the companions were not seen in July, may be naturaliy 
ascribed to interference of moonlight up to about July 20, and after 
that either to the fact that the attention of observers was not suffi- 
ciently directed to the phenomenon, or to the fact that the objects had 
not yet become bright enough to be easily discernible. We have the 
evidence of Spitaler that on July 30 and 31 nothing abnormal was 
noticed with the 27-inch; the slight elongation on those dates, seen by 
him in A having no relation to the matter in hand. Two nights 
after, at the time of discovery, Barnard estimated the brightness of C 
at about one-fifth that of A. It then gradually increased in brilliancy, 
also becoming less diffused and developing a strong condensation and 
nucleus, until at the end of August it was actually brighter than A al- 
though only one-third its size. In early September it was about equal 
in brightness to A but from the middle of that month faded, and be- 
came larger and more diffuse until it disappeared, late in November. 
The faint nucleus of B, in the beginning appears to have been a little 
brighter than that of C, and its coma smaller and less diffused. About 
the middle of August it had grown to be larger and fainter than at 
first, later more rapidly so, being excessively difficult to see or measure 
in the first few days of September, and invisible immediately there- 
after. D and H were measured only on the night of discovery, and 
were seen only at rare intervals until the last time on August 29. 

Such, briefly described, are the main features as to brightness and 
visibility of these objects. I beg courteously to dissent from the view 
which has been confidently expressed, that the diffusion and disappear- 
ance of 6, while it was theoretically increasing in brightness, indicate 
‘that it actually dissipated itself into space and absolutely ceased to 
exist, if indeed it were not absorbed into the main comet.’ Such acon 
clusion is inherently improbable, unwarranted by any knowledge we 
possess as to the process of cometary light development, and contra 
dicted by inferences drawn from other cases, of which only the most 
analagous need be cited, namely, that of the two nuclei of Biela’s comet, 
the capricious action of which affords a strict counterpart to the present 
instance. It will be recollected that fitful alternations of visibility 
occurred in 1846, and especially ii 1852, when they repeated theniselves 
almost from day to day. The two companions were not habitually seen 
at the same time, but sometimes one, Sometimes the other; so that ob- 
servers could not tell which they were looking at, without comparison 
with the ephemeris. Thus, in the space of one week, for example, 1852, 
September 15 to 22, both nuclei were visible, then only the southern, 
then only the northern, then both together; again only the southern, 
and, finally, only the northern, on successive nights, respectively. 

It may be added that there appears to be little reason for interpret- 
ing these remarkable variations of brilliancy as standing in any rela 
tion of effect with cause which produced the disruption, either in Bie- 
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la’s comet or in 1889 V; but much more for supposing that similar be- 
havior may be common, in greater or less degree, escaping attention 
ordinarily from the difficulty of photometric comparisons in the case of 
isolated comets, but easily attracting the eye, by contrast, when two 
objects nearly alike are in the same field.” 

Mr. Chandler’s discussion of the orbits of these companions establishes 
the important proposition that the force wnich led to the separation of 
the components A and C, whatever its nature, operated in the plane of 
the comet’s orbit, and produced no change in that plane or in the form of 
the conic section, but only in its size, and in the direction of its major 
axis. With reference to the identity with Lexell’s comet, Mr. Chandler 
sees no sufficient reason in the differences of the period of revolution 
(28.18 years, according to Mr. Poor, instead of 27 years) to reject the. 
supposition; it is necessary to carry the computation of the perturba- 
tions a little farther back. 


Comet 1890 11.—The last observation in 1891 was on May 29 by Spit- 
aler at Vienna; but it was again favorably situated in January and 
February, 1892, and was observed at Nice up to February 4, 1892. 


Comet 1891 I: Discovered by Barnard at the Lick Observatory on 

—Comet 41891. | March 29, 1891, and independently by Denning at 
Bristol on March 30. It was quite bright, tenth to eleventh magnitude, 
about 1’ in diameter aud with a tail 10/ to 30’ long. At the time of dis- 
covery its position was a=—15°, d=-4 45°; it moved rapidly south, 
increasing in brilliancy, and was followed after perihelion till July, the 
last observation having apparently been obtained at Cordoba on July 
Saison. 


Comet 1891 If: | First detected upon thisits second appearance by 
=Comet 61891. | Spitaler, of Vienna, on May 1, 1891, and by Bar- 
Comet 1884 IIL. | nard on May 3, its position agreeing closely with 
Wolf's comet. | the ephemeris. It was at first sinall and faint, 

but in August it had a bright nucleus of the eleventh magnitude, with 

coma of 3/ to 4/ diameter; it decreased in brightness again after the 
middle of October, but was observed till March 31, 1892. Karly in 

September the comet passed over the group of the Pleiades, and the 

circumstance was taken advantage of by a number of astronomers to 

determine whether the light from these stars underwent any refraction 
in passing through the material of which the comet was composed. 

The results obtained were for the most part negative, with the possible 

exception of an observation by Burnham on September 2, when the 

difference of declination between 21 and 22 Asterope seemed to show 
some change as the comet passed over them. 

The orbit of this comet may bring it at times close to Jupiter, and 
indeed the perturbations by that planet in 1875 were so great that aun 
altogether new orbit resulted, The period of revolution is about six 
and three-fourths years, 
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Yomct 1891 III: | See comet Encke. 
=Comet ¢ 1891. 
=Encke’s comet. | 


Comet 1891 IV: | A telescopic comet of the twelfth magnitude, dis- 

—Comet ¢ 1691. covered by Barnard at the Lick Observatory on 
October 2, 1891. At the time of discovery it was in the constellation 
Argo; it moved farther south and was not seen at all in the northern 
hemisphere except at the Lick Observatory, where it was followed up 
to October 9; in the southern hemisphere it does not seem to have 
been followed beyond October 11. 


Comet 1891 V: See comet Temple;-Swift. 
—=Comet Tempels-Swift. 
=Comet 1869 III. 
—=Comet 1880 LY. 
—Comet d 1891. 


Comet 1892 I: | Discovered by Swift on March 6, 1892, at 17 
—Comet «1892. | Rochester mean time, or 5 o’clock on the morning of 


March 7, in 30° south declination; the brightest comet seen in the 
northern hemisphere since the great September comet of 1882. At the 
time of its greatest briliancy, which was at perihelion, April 6, it was 
as bright as a star of the third or fourth magnitude, with a bright, 
round head and nucleus of 10” to 15” diameter. The tail, on the other 
hand, was exceedingly faint, and was variously estimated at from 1° to 
20° in length. Barnard reported it on April 3 as double. The photo- 
graphs of the tail were of unusual interest, especially those taken in 
March at Sydney and in April at Mount Hamilton. On the morning 
of April 5 a photograph, made by Barnard at Mount Hamilton with a 
6-inch lens, showed three main branches to the tail, each being sepa- 
rated into several others, so that in all at least a dozen could be counted. 
At a distance of two degrees from the head, along the northern side of 
the middle tail, there was a sudden bend southward. On the 7th “the 
southern component, which was the brightest on the 5th, had become 
diffused and fainter, while the middle tail was very bright and broad; 
its southern side, which was the best defined, was wavy in numerous 
places, the tail appearing as if disturbing currents were flowing at 
right angles to it. At 42’ from the head the tail made an abrupt bend 
towards the south, as if its current was deflected by some obstacle. In 
the densest portion of the tail, at the point of deflection, is a couple of 
dark holes similar to these seen in some of the nebule.” 

The comet was visible to the naked eye till the beginning of June, 
and was still under observation with the telescope at the close of the 
year. 

The spectrum as observed by Konkoly on April 1 and 2 consisted of 
a continuous spectrum and five bright lines, while Campbell, at the 
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Lick Observatory, whose observations extend from April 5 to June 
13, saw, in addition to the continuous spectrum, the three usual com- 
etary bands, the less refrangible sides of these bands being sharply 
defined and the middle one, in fact, terminated by a very bright line. 

The orbit of the comet is undoubtedly elliptic, belonging to the inter- 
esting group of comets with a period of about two thousand years. 
During this appearance, as it was for a considerable time in the neigh- 
borhood of Jupiter, its path may be considerably changed. 


Comet 1892 II: Discovered by Denning, at Bristol, on March 18, 

=Comet ¢ 1892. | 1892, in 23" right ascension, and 59° north declina- 
tion; it was then at its maximum brightness, small, round, with central 
condensation of from eleventh to twelfth magnitude, and no tail. It 
remained small and inconspicuous, but was under observation for sev- 
eralmonths. The orbit is parabolic, without specially interesting pecu- 
liarity. 


Discovered by Mr. Ek. Holmes, at London, on Novem- 
ber 6, 1892, near the great Andromeda nebula, and 
| also independently on November 9, by Davidson, 
at Mackay, Queensland—a round nebulous mass 5’ in diameter with a 
central condensation, but no tail; the suspicion that it was a return of 
Biela’s comet was shown to be unfounded as soon as sufficient obser- 
vations were available for a determination of its orbit, though the orbit 
proved to be elliptic and of short period. A short faint tail was seen 
soon after discovery, and upon a photograph taken by Barnard, on 
November 10, it can be followed for half a degree, while about a degree 
from the head and beyond the tail there is a diffused nebulous object, 
apparently belonging to the comet, and this connection seems sub- 
stantiated by Campbell’s spectroscopic observations. 

The cgmet was visible to the naked eye to the end of November and 
in telescopes of medium power during the first part of December, and 
then diminished very rapidly in brightness, not following at all the 
computed scale of brilliancy, but showing a remarkable and inexplica- 
ble outburst about the 16th of January, 1893. The spectrum was also 
peculiar in that it seemed to be purely continuous. 

According to the elements computed by Schulhof the comet passed 
perihelion on June 13, 1892, and its period is 6.9 years; the orbit seems 
to lie entirely within that of Jupiter, the nearest possible approach of 
the two being 0.4, (the mean distance of the earth from the sun being 1,) 
but since 1861 the two bodies do not seem to have been very close at 
any time. The small eccentricity, not far from that of Tempel’s first 
periodic comet, brings it quite near to the upper limits of the eccen- 
tricity of the asteroid orbits. But with such a short period, as it can 
not have experienced great perturbations since 1861, the reason for its 
never having been seen at a previous return, is a mystery which seems to 
be connected in some way with the very great and abnormal vaviation 


Comet 1892 ILI: 
=Comet f 1892. 
==Holmes’s comet. 
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in brightness actually detected while under observations, the cause of 
which still lies beyond us in the unknown characteristics of cometary 
material. 


Comet 1892 IV: Found by Spitaler, at Vienna, on March 18, 
—=Comet b 1892. 1892. 
=Winnecke’s comet. | See Comet Winnecke. 

Comet 1892 V: Especial interest attaches to this comet, as it is 


—Comet ¢ 1892. the first discovered by photography, if we except the 


single case of the “Tewfik comet,” shown near the sun on a plate exposed 
during the total eclipse of May 17, 1882. The present comet was 
detected as a suspicious looking object upon a plate exposed near a 
Aquila on October 12, 1892, by Barnard. On the following evening the 
cometary character of the object was confirmed by the 12-inch refrac- 
tor. It was faint, 1’ in diameter, and from twelfth to thirteenth mag- 
nitude, somewhat condensed toward the center. It changed but little 
in appearance and was last seen in December. 

Dr. Krueger’s elements give a period of revolution of only 6.5 years 
and show a remarkable resemblance to those of Wolf’s comet—so great, 
in fact, as to suggest a common origin for the two, as in the case of 
Biela’s comet and Brooks’s comet, 1889 V. 


Comet 1892 VI: Discovered on August 28, 1892, in the constella- 

=Comet d 1892. | tion Gemini, by Brooks, a quite bright, round nebula, 
‘with distinct nucleus and hort faint tail; if was visible to the naked 
eye in November, and the tail could be follow ed, upon a photographic 
plate, November 26th, for 5°; after the middle of December the comet 
was observable only in the southern hemisphere. 

The spectroscope showed a continuous spectrum with the three usual 
cometary bands. 


Comet 18931: | This comet was also discovered by Brooks, at 

=Comet 1892. | Geneva, N. Y., in the constellation Bootes, on the 
morning of November 19, 1892; it was then quite bright for a telescopic 
comet, but showed no tail, while its increase in brightness and north- 
erly motion made it an easy object for observation during the rest of 
the year. 


In chronicling the comets of the year 1892 mention should be made 
of a suspicious object detected by Prof. M. Wolf upon photographic 
plates exposed on March 19 and 20, 1892. It could not be found upon 
a photograph of March 22 nor in a later search with the great Vienna 
refractor. 

The announcement of a comet discovered by Freeman on November 
26, 1892, proved to be erroneous. 

A comet announced by Swift on December 28, 1889, has been identi- 


to 
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fied by Dreyer with a nebula discovered by Herschel, and is, therefore, 
to be stricken from the list of lost comets. 


Approxwimate elements of the comets.of 1891 and 1892. 


| Perihelion —'T | | 
Designation. | (Greenwich | QQ o | nl leeds lb ose 
| mean time). | | 
ie) UG 3° / O° / 
USO liphel aeons c hos eae ase eae s---| 1891, Apr 27556) 193° 56 | 178-48 | 120 (317| 0.397 |..2 22. 
TD SOO oe cans Sees SkISG 5 1891, Sept. 3.46 206 22 172 48 25° 15 1. 592 | 557 
ee eee oe ee anes SDL OCh 17. 080iersed 41 10 183, 57 12 55 | 0.340 0. 847 
NWS EP Oat eee cea 1891, Nov. 12.94 | 217 39 268 33 Wie Son ORO TG Varo eects 
VE isis chee a tos ee aie Some eee aioe 1891, Nov. 17.34 |. 296 31 106 48 5 23 1. 087 0. 653 
PROG Se Le clere Oona AER Rete 11892, Apr. 6.69} 240 54| 24 31 38 42} 1.027! 0.999 
NEDSS eee ke toes ee ante 1892, May 11.22 | 253 26) 129 19 805427) W971 = eee 
ERS Ske Seen Mois Se eee 1892, June 13. 27 331 42 14 11 20 47 | 2.140} 0.410 
Vs 2s pete ae eoss oS mies ei ose 1892, June 30. 89 | 104 elt 14 32 | 0.886) 0.726 
Me ena SIMRO a he or 1892, Dee. 11.05 | 206 39 170 14 sl 12 1.429 0.581 
NS ine aot aes bane 5 Ses eee 1892, Dec. 28.09 | 264 28 | 252 41 24 48 OOF 6 eee tens 
ROS Ae te nat Se guteie ars wea eee ae 1893,Jan. 6.52 185 39 85 14 143 52 LOD fee eter 
Designa- | . Ses 
ae | Discoverer. jof discoy-| Synonym. Remarks, 
| | ery. 
| 1891 
ieee Cb Barnard) 22S Pst | Mar. 29] 1891a 
11 | Spitalevs: ate. tenses! -...| May - 1 1891b Wolt's comet. Period 6.8 years, 
Dee eB arnand tet oeeie e.no ie neon oe Aug. 1 | 1891e | Encke’s comet. Period 34 years, 
Ver Barnard mee: po jeanne Oct. 2] 1891 ¢ 
ie hasan iG ES ee ee Roane Sept. 27 | 1891d | Tempel.-Swift. Period 5.5 years, 
1892 
NSO) memels i Owiliteeetes ofr bee do asaca se | Mar. 7/| 1892a | 
HeMsDonning cscs is. es aes Mar. 18 18920 | 
JUL 8 CRTC es ee ORE Pare ae Noy. 6 1892 f | Period 6.9 years. 
BYeiSpitaler-< o> Sa ots at ela | Mar. 18 | 1892b Winnecke’s comet. Period 5¢ years, 
OV ai] kaart bee ear mina how «ere Oct. 12 1892 ¢ Period 6,3 years. 
VI BROOKS 2h - ss ese eens as - | Aug. 28 1892 d 
1893. 
Ie | IIR doen ad de ae ate sd oee | Noy. 19 | 189294 
‘ METEORS. 


A fine shower of meteors, radiating from the neighborhood of y An- 
dromedze, was seen in the United States and Canada on the night of 
the 23d of November, 1892. There seems to be no doubt that it was a 
part of the great stream connected with Biela’s comet, which was en- 
countered on the 28th of November, 1872 and 1885. On these two oc- 
casions the earth probably passed through the main swarm, while in 
1892 it passed some days earlier through an associated branch of it. 
From a comparison of the positions of the comet and of the dates of 
the meteoric showers in 1798, 1838, and 1872 Prof. Newton was long 
ago led to conclude “that along, extended group of meteor particles 
must accompany the comet in its periodical revolution, preceding it to 

H. Mis, 114-45 
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a distance of 300,000,000 miles in front, and following 1t to a length of 
200,000,000 miles in the rear of its actual position, or occupying, if there 
is no reason to suppose the elongated meteor current discontinuous, 
fully 500,000,000 miles in its observed length along the comet’s path.” 


SOLAR SYSTEM, 


Motion of the solar system.—Prot. Porter has discussed the proper 
motions of 1,340 stars contained in publication 12 of the Cincinnati 
observatory. Adopting Dr. Schénfeld’s method of dividing the stars into 
four groups, according to the magnitude of their proper motions, he has 
confirmed Dr. Stumpe’s result that the proper motion of a star is an 
index of its distance from us. The mean position of the ‘‘sun’s way” 
from his figures is 281°.2 right ascension and +40°.7 declination. 


Dr. Vogel has also published the results of an inquiry on this subject 
based on the measured velocities of stars in the line of sight. The 
motion of fifty-one stars has been determined at Potsdam, and the proba- 
ble error in the measurement is below 1.16 geographical miles, but the 
resulting value of the apex of motion, though the observations have 
been discussed in various ways, iS not in very satisfactory accord with 
other investigations, If the stellar motions be treated either with equal 
weights, or weights approximately proportional to those assigned by 
Dr. Vogel in his catalogue of proper motions, the coordinates of the 
apex are 206°,1 + 12°,0 in right ascension, and + 45°.9 +9°,2 in dee- 
lination, with a velocity of 11.60 + 1.85 geographical miles. 


SUN. 


Diameter of the sun.—A large number of heliometer measures of the 
diameters of the sun and Venus made by the German transit of Venus 
parties in 1874 and 1882, incidental to the more important determina- 
tion of the solar parallax, have been discussed by Dr. Auwers, who 
finds for the mean result of the sun’s diameter (thirty-one observers) 
1,919.3, which differs considerably from that adopted in the various 
ephemerides; the Berlin Jahrbuch, for instance, uses 1,922//.4, the Con- 
naissance des Temps and British Nautical Almanacl, 923’.6, and the 
American Mphemeris 1,924.0. Dr. Auwers remarks that if the value 
he finds is affected by irradiation it can only be too large, while 
the adopted diameters are larger still, He announces that a change 
will be made in the value used by the Berlin Jahrbuch in the volume 
for 1895. 

Temperature of the sun.—The numerous attempts that have been 
made to determine the temperature of the sun have led to the most 
discordant results, the figures varying from 1,500° to 5,000,000°, The 
method employed, however, has always been the same (that of Pouil- 
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let), and the experimental determinations have been stfticiently con- 
cordant in themselves, the divergencies arising from the different laws 
adopted to connect the radiation of incandescent bodies with their tem- 
perature. Newton’s law, which holds only for an interval of a few 
degrees, gives for the temperature of the sun millions of degrees. 
Dulong’s, which is only exact over a range of 150° at most, gives 
1,500°.  Rosetti’s law, established by experiments made between 0° and 
300°, gives 10,000°. A more recent series of experiments has been 
made by M. H. Le Chatelier, and is published in the Comptes Rendus tor 
March 28, 1892, in which the temperatures employed cover a range of 
1,100° (700° to 1,800°). The “effective” temperature that he finds for 
the sun is 7,600°, which he thinks may be subject to an uncertainty, on 
account of errors which may effect the law of radiation, not greater | 
than 1,000°, the “effective” temperature being that temperature which 
a body of emissive power equal to unity must have in order to send us 
radiations of the same intensity as the sun. The actual temperature 
of the photosphere is higher, for a part of its radiations are absorbed 
by the less highly heated solar atmosphere, and perhaps also (although 
this seems hardly probable) because the emissive power of the sun may 
be less than unity. 

Solar activity in 1892.—The development of the solar activity during 
1892 was no less marked with regard to prominences than with regard 
to sun spots. On April 6 Trouvelot reported an arched prominence 
extending some 90,000 miles along the limb of the sun and attaining a 
height of over 57,500 miles. Two days later an enormous protuberance 
rose to a height of 71,970 miles, extending in a little over half an hour 
to 105,550, and a week later gaonicr extending over 255,000 miles along 
the circumference. 

The great sun spot group of 1892,—It appears that the original forma- 
tion of the group took place on the farther side of the sun, and it first 
came under obser vation on November 15, 1891, when it was seen as a 
spot of considerable size close to the east limb. On November 16 
the group consisted of three spots, and by November 18 it had assumed 
the appearance so typical of the more important disturbances, of along 
procession of spots of various sizes, the spot in the van and that in 
the rear being the largest. During the December appearance (De- 
cember 12-24) it was throughout one well-defined circular spot. 

One spot, roughly circular in shape, alone appeared on January 7 
It is not quite clear whether it represented the principal group of the 
November appearance or the little group which formed in advance of 
it and which became prominent during December. It seemed to oc- 
cupy a position nearly midway between the two, though the two are 
practically to be regarded as one disturbance. 

Before its appearance at the east limb on March 4 a great change 
had taken place, The group, which on February 13 had covered more 
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than 3,000 millionths of the sun’s visible hemisphere, did not cover 
one-fifteenth of that area on March 5, though it revived somewhat be- 
fore it was last seen at the west limb on March 17, but did not survive 
to make a sixth appearance at the east limb on March 31 or April 1. 

According to Mr. Maunder the great spot, the largest on record at 
Greenwich, was 92,000 miles long and 62,000 miles broad, while the 
entire group of which it formed the principal part was 162,000 miles 
long and 75,000 broad. ‘The area of the spot on February 13, 1892, 
was 2,940 million square miles, and the whole group 3,530 million 
square miles. This is about eighteen times the area of the earth, and 
seventy globes as large as ours could have lain side by side in the im- 
mense hollow. Mr. Maunder thinks that the effect upon the weather 
of a spot even of such enormous size must be very slight, if apprecia- 
ble. The magneticneedle, however, undergoes violent disturbance upon 
their appearance. 

In an article in Knowledge for April and May, 1892, Mr. Maunder 
brings forward some important evidence in regard to the connection 
between sun spots and magnetic storms. The article concludes as fol- 
lows : 

In a period of nearly nineteen years, therefore, we have three mag- 
netic storms which stand out preéminently above all others during 
that interval. In that same period we have three great sun spot dis- 
plays—counting the two groups of April, 1882, together—which stand 
out with equal distinctness far above all other similar displays. And 
we find that the three magnetic storms were simultaneous with the 
greatest development of the spots. Is there any escape from the con- 
clusion that the two have a real and binding connection? It may be 
direct, it may be indirect and secondary only, but it must be real and 
effective. 

Consider that the period in question is practically some six thousand 
eight hundred days. A magnetic storm does not last many hours; a 
sun spot soon declines from its greatest development, or soon passes 
away from the center of the apparent disk. Suppose we take an out- 
side limit, and give a period of two days to a giant spot to exercise its 
influence or a magnetic storm to expend its violence ; what are the prob- 
abilities against 3 out of 3,400 of such periods of the one phenomenon 
agreeing with 3 out of 3,400 of the other, if they are not related? If 
3,400 numbers were placed in one box and 3,400 more in a second, and 
one trom each box were drawn at a time, what is the chance that the 
three highest numbers would be drawn from the one box simultane- 
ously with the three highest from the other, each to each, if the matter 
had uot been prearranged ? Indeed, we might legitimately call the 
coincidence of April, 1882, a double one, and ask the odds against the 
four highest numbers from each box being so drawn. 

Between sun spots and storms of the second magnitude it is more 
difficult to make a satisfactory comparison, because it is not so easy to 
frame a satisfactory definition as to what. constitutes a secondary dis- 
turbance. Nevertheless, the following brief table of large sun spots 
seen since the beginning of 188], which were coincident with consider- 
able disturbances, may prove of interest. The spotted area is given in 
millions of square miles: 
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habe area. {| Spotted area. 
Date. | Entire | Largest | Date. Entire | Largest 
sun. | group. || ; sun. | group. 
i] 

1881—January 31...........-. | 1, 295 686 || 1883—November 1.........--- 2,100 | 784 
September 12 .......--. 2, 089 917 November 192..2..<:.: 3, 682 | 1, 600 
1882—Octoher 2... ..- 2.22... 2,480 A, gota besa Mareh 2t semis. oaks ee 1,510 | 609 
OGtaber jesse ioe bes PxC65i\~ ) 0198") Mprilee =. Ae. s| = 3/3480! 1,516 
USSSA Bes <r nce e ee ccs | 1,545 | 607 |, April30. 2. 1,746 | 897 
2ANS Ty OY Ws eae ee ee | 2,170 670 | 1885—January 23 - 1, 687 | 592 
SeUN Oss ess eee ate se | 3, 650 | 2,210 || February 5 . 1, 345 | 571 
Otliy: We ets aes nee leas S87 | 1, 009 || February 13 1, 569 | 480 
OIL VeZO ern ees | 1, 425 1, 264 | May 26°... 1, 923 | 647 
September i7* ........- | 2017] 1.263 June 24* he 2, gagcl | alee 
October 16... .......--- | 4, 730/\. 1,783. | Valve eo eee |}. 885. | 504 
October 2024 | 1,650 —*1, 369 || 1891—November 22* ......... anv 966r- mids S71 


Some of the above, those marked with an asterisk, may fairly be 
taken as confirming, though with less definiteness, the conclusion 
drawn from the correspondences between the greatest spots and the 
greatest storms. But with the others it is not so. Spots as impor- 
tant have been seen upon the sun, and the magnets have scarcely flut- 
tered, and storms as distinct have eccurred when there have been only 
few spots, and those but small, upon the visible disk of the sun. The 
table is important, therefore, not as adding to the weight of the evi- 
dence in favor of the connection between sun spots and magnetic dis- 
turbances, but as emphasizing a point which must not be forgotten. 
Though the diurnal and annual changes of terrestrial magnetism con- 
clusively prove the solar influence upon it, though the conclusion be- 
tween the general sun-spot cycle and the general magnetic cyle is 
clearly established, though even in minor irregularities the two curves 
closely correspond, and though unusually large sun spots are answered 
by unusually violent magnetic storms, we can not, as yet, proceed fur- 
ther and express the magnitude or character of the magnetic disturb- 
ances in terms of the spotted area of the sun or of its principal groups 
at the time of observation. The conclusion to my own mind seems to 
be that though sun spots are the particular solar phenomenon most 
easily observed, we must not infer, therefore, that their number and 
extent afford the truest indication of the changes in the solar activity 
which produce the perturbations we remark in our magnetic needles. 


Solar prominences.—Especial attention has been given to the pho- 
eee of solar prominences by Prof. G. E. Hale of the Kenwood 
observatory, Chicago, and by M. Deslandres of the Paris observatory. 
Prof. Hale suggested two plans for the purpose; the first was to allow 
the image of the sun to drift across the radial slit of a powerful spec- 
troscope, the driving clock of the telescope being slowed to produce the 
drift. If then there were a prominence on the sun’s limb the length of 
any bright line at the focus of the spectroscope would define the height 
of the prominence, and as the sun drifted across the slit this line would 
continually change in length. If now the line in use were made to pass 
through a slit just within the focus of the observing telescope of the 
spectroscope cali xd the “second slit,” so as to be in focus on a plate 
beyond the slit, all that is required to photograph the prominence is to 
move the plate slowly at right angle to the second slit. Fresh portions 
of the plate are thus exposed to corresponding portions of the promi- 
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nence, and the prominence image is built up from a succession of bright 
line images of the slit. In the second method proposed, the clock of 
the equatorial is so adjusted that the image of the sun is kept in a fixed 
position. The plate on the end of the collimator which carries the slit, 
is then slowly moved across the sun’s limb at the point where the 
prominence is present, and a second slit moving at the same speed 
before a stationary plate excludes the light from the spectrum on either 
side of the line in use, and reduces fogging to a minimum. 

In April, 1891, Mr. Hale secured the first photograph of the spectrum 
of a prominence obtained without an eclipse. This showed two very 
strong, bright lines nearly at the centers of the dark solar bands H and 
K. The same lines were photographed ou subseqent occasions, but it 
was not until June 23, that any new lines were discovered. On this 
occasion four lines were obtained in the ultra-violet—a number since 
increased to six. Of these six, 5 lines belong, unmistakably, to the se- 
ries of hydrogen lines discovered by Dr. Huggins, in the ultra-violet of 
the spectra of Sirian stars. The sixth line forms a close double with 
one of these hydrogen lines (a) but its origin has not yet been accounted 
for. 

Mr. Hale’s conclusion that H and K are not due to hydrogen, is abund- 
antly confirmed by Prof. Young and also by M. Deslandres, since the 
measures have shown beyond a doubt that the “companion line to H,” 
and not H itself, is the one really due to hydrogen. Mr. Haleand M. 
Deslandres ascribe these two giant bands of the solar speetrum to 
caleium. 

Mr. Hale has also met with considerable success in photographing 
the forms of solar prominences, some of the photographs showing a 
satisfactory amount of detail. tn one instance a prominence photo- 
graphed at Kenwood was being sketched by Herr Fényi at Kaloesa 
at the same moment of time, and drawing and photograph are in close 
accord. A suggestion by M. Deslandres that it might be possible to 
photograph the entire chromosphere at a single exposure has been 
carried into effect by Mr. Hale, by means of a “spectroheliograph,” 
in which the slit of the spectroscope is made to travel across the image 
of the sun, and a precisely similar motion, but in an opposite direec- 
tion, is given to a second slit nearly in the focus of the view telescope, 
and so arranged that the K line of the spectrum of the fourth order 
falls upon it. Since the K line is always bright in the spectrum of the 
chromosphere and prominences, it is easy, by shutting off the image of 
the sun by means of a diaphragm, to build up a complete picture of 
the entire chromosphere and prominences, and so to produce what 
may be described as an “artificial total solar eclipse.” The discovery 
which Mr, Hale has made that the H and K lines are always reversed 
in the facule has enabled him to extend the application of this prin- 
ciple. If the diaphragm covering the image of the sun be discarded 
a photograph will be obtained, not merely of the chromosphere and 
prominences, but of the dise of the sun itself, showing the spots and 
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the facule, the latter being depicted, not merely when near the limb 
of the sun, but wherever they occur, even in the very center of the 
dise. In this manner it has been discovered that faculie, invisible to 
the eye frequently float above the spots, and one series of photographs 
in particular, show how, on July 15, a luminous outburst formed, 
spread, completely hid a large group of spots, and passed away, «ll in 
a few minutes of time, 

The double reversal of the H and K lines from faculae, a phenomenon 
shown upon photographs taken at Kenwood, Paris, and Stonyhurst, is 
a discovery of special interest as bearing upon the interpretation of the 
enigmatical spectrum of Nora Auriga, and Prot. Hale has supplemented 
this discovery by obtaining a similar result with an integrating spec- 
troscope, the sim being treated as a star would be, its light asa whole, 
and not only from special regions of the disc, being subjected to exam- 
ination. 

M. Deslandres has been making further experiments upon photo- 
graphing the corona without an eclipse. The principle upon which he 
proceeds is to obtain photographs of the stn from light of limited 
refrangibility, not- by using colored media or stained plates, but by 
means of two prisms, the second of which is arranged so as to recom- 
pose the light dispersed by the first. But only certain rays from the 
first prism are allowed to fall on the second; the resulting image of the 
sun is, therefore, confined to those rays which can be selected at pleas- 
ure. M. Deslandres’ purpose is, therefore, to find out for what rays 
the corona has the greatest brightness as compared with that of the 
sun, and to photograph the sun and its surroundings by their aid alone. 
(See Month. Not., 52: 292; 53:277.) 


ECLIPSES. 


Uclipse wf the moon, 1888, January 28.—In number 23 of the Publica. 
tions of the Astronomical Society of the Pacific is an unusually satis- 
factory drawing by Prof. Weinek, showing the delicate shades of color 
exhibited by the eclipsed moon. 

Eclipse of the sun, 1889, January 1.—Prot. Pritchett’s report of the 
Washington University party, which was stationed at Norman, Cal., is 
illustrated by an excellent artotype, a composite reproduced by. hand 
from four negatives. The evidence given by these photographs upon 
the structure of the corona is thus summarized “The marked structural 
features of the corona are (a) the so-called filaments, and (b) the streain- 
ers extending approximately in the direction of the ecliptic. The fila- 
ments extend over a region of 20 degrees or more ov each side of the 
poles. They are straight lines of light arranged somewhat like the 
spines of a fan, and are not radial. The dark spaces between them are 
not entirely free of coronal matter, but can be traced in some cases to 
within a short distance of the sun’s limb. The broad and strongly 
marked equatorial belt stretches directly across this mass of filaments, 
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apparently cutting off the filaments at the somewhat irregular line of 
separation. The impression conveyed to the eye is that the equatorial 
stream of denser coronal matter extends across and through the fila- 
ments, simply obscuring them by its greater brightness. There is noth- 
ing in the photographs to prove that the filaments do not exist all round 
the sun. 

Belipses of 1891 and 1892.—In the year 1891 there were two eclipses 
of the sun, an annular eclipse on June 6, and a partial eclipse on No- 
vember 30-December 1; and two eclipses of the moon, May 23 and 
November 15, both total. 

In 1892 there were also four eclipses, two of the sun and two of the 
moon: a total eclipse of the sun April 26, and a partial eclipse of the 
sun October 20; a partial eclipse of the moon May 11 and a total eclipse 
November 4. 

Eclipse of the moon, 1891, May 23.—A total eclipse, visible throughout 
the western part of the Pacific Ocean, Australia, Asia, Africa, and 
Europe. No observations of special importance. 

Helipse of the sun, 1891, June 6.—Visible as an annular eclipse only 
in the northern part of Siberia and the Arctic Ocean. A few obsery- 
ations of contacts were secured in the western part of the United 
States. 

Eclipse of the moon, 1891, November 15.—The total eclipse of the moon 
on November 15, 1891, was visible generally throughout North and 
South America, Europe, Asia, and Africa. The whole of the eclipse 
was visible in the eastern and central parts of the United States while 
in the western part the moon rose eclipsed. Dr. Déllen selected from 
photographic plates made at Potsdam some 138 stars to be occulted at 
established observatories, but the weather seems to have been gener- 
ally unfavorable. A few contact observations were secured. 

lclipse of the sun, 1891, November 30,—A partial eclipse, visible only — 
in the Antarctic ocean. 

Helipse of the sun, 1892, April 26.—Total eclipse, visible only in the 
Southern Pacific; no observations of importance reported. 

Eclipse of the moon, 1892, May 11.—The phenomenon of the partial 
eclipse of the moon on May 11, 1892, was studied at Greenwich and 
elsewhere, and the occultation of a considerable number of small stars 
was observed. 

Nclipse of the sun, 1892, October 20.—Partial eclipse, visible in North 
America; a few observations of contacts reported. 

Helipse of the moon, 1892, November 4.—Total eclipse visible gener- 
ally in Europe and America. No observations of special importance. 


x 


SOLAR PARALLAX AND THE TRANSITS OF VENUS. 


The United States transit of Venus observations.—In a report dated 
September 21, 1891, the Superintendent of the United States Naval 
Observatory states that no provision has yet been made for publishing 
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in detail the work of the American parties upon the transit of Venus 
in 1882—a fact greatly to be regretted. The publication of the work 
upon the 1874 transit is only partly completed and considerable work 
stillremains to be done upon the reductions for 1882, though results 
for the solar parallax and certain elements of the orbit of Venus, which 
are practically final, have been published. Some occultations of stars 
by the moon, telegrapic determinations of differences of longitude, tidal - 
observations, and pendulum experiments still remain to be reduced, 
for which, however, no funds seem to be available. 


Dr. Auwers’ result* for the German heliometer measures of the 
transit of Venus in 1874 is a solar parallax of 8/.877 + 0.043, there 
being in all 308 measures at four different stations; in 1882 four sta- 
tions were occupied and 446 measures were obtained, the resulting par- 
allax being 8/’.879 + 0//.037. 


Dr. Battermann, of the Berlin Observatory, has deduced a value of 
the solar parallax from 250 occultations of stars between April, 1884, 
and October, 1885, having by careful observation been able to utilize 
the oecultations of a considerable number of faint stars near new moon. 
The resulting solar parallax is 8/.794+ 0/’.016. 


The determination of the solar parallax by means of meridian ob- 
servations of Mars at opposition was attempted in 1862, and again in 
in 1877, but the results obtained were generally considered by astron- 
omers as too large, there being indications of a systematic error in the 
observations of Mars, or of the comparison stars, or of both. A slight 
modification of the previous methods of observation was suggested by 
Prof. Eastman, and a circular was issued by the U.S. Naval Observa- 
tory requesting the codperation of other observatories in the observa- 
tion of Mars during the opposition in the summer of 1892, 


PLANETS. 


MERCURY: Diameter of Mercury.—A new determination of the diam- 
eter of Mercury has been made by Mr. Ambronn from heliometer obser- 
vations at Gottingen, the mean result being 6/.580, comparing favor- 
ably with the generally adopted value. 

Transit of Mercury, May 9, 1891.—A transit of Mercury over the sun’s 
disk took place on May 9, 1891, the first since November 7, 1881. The 
observation of these transits no longer possesses special importance, as 
the determination of the solar parallax, for which they are theoretically 
valuable, can now be made more accurately by other means. Ob- 
servations of the contacts between the disks of the sun and planet are 
useful in determinations of the planet’s orbit and the physical phe- 
nomena are sometimes of interest. The transit on May 9, 1891, was only 


* Astron. Nachr. 3066. 
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partially visible in the United States. On the Pacific coast the sun Was 
two or three hours high at the time of the first and second contacts; it 
had set in most places on the Atlantic coast before the first contact, 
and in Washington was only ten minutes high. Reports from twenty- 
five observers in the United States have been forwarded to the Naval 
Observatory for reduction. The whole transit was visible in China, 
Japan, eastern Siberia, and the Malaysian Islands, while in England 
egress took place soon after sunrise. No phenomena of special impor- 
tance seem to have been noted. In Europe several observers saw the 
“black drop” or ligament. At the Lick Observatory a careful series of 
observations was made, both visual and photographic, and the planet 
was looked for, but without suecess, before it entered upon the sun’s 
disk. 

For more than an hour after ingress the planet was also carefully ex- 
amined, with the 36-inch Lick telescope, by Profs. Holden and Keeler. 
It “was perfectly round, and in the best moments sharply terminated 
- - - . Not the slightest trace of a satellite was seen; and both 
observers were confident that no such body could then be on the sun’s 
face and escape detection unless it were exceedingly minute.” 

VeENUS.—The conclusion reached by Schiaparelli that Venus rotates 
very slowly upon its axis, in fact in about the same time that it rotates 
about the sun, has been challenged by several observers. MM. Niesten 
and Stuyvaert, of the Brussels Observatory, have given the matter 
careful study, and M. Trouvelot has published a series of observations 
and sketches from 1876 to 1891, from which he concludes that the rota- 
tion does not differ greatly from twenty-four hours. 

An exhaustive discussion of recent publications concerning the 
physical appearance of Venus is printed by Dr. Wislicenus in the 
Vierteljahrsschrift, v. 27, pp. 271-302. It is quite evident that further 
accurate observations are necessary. 

The value of the diameter of Venus, deduced by Dr. Auwers from the 
heliometer measures by the German Transit of Venus parties, in 1874 
and 1882, is 16/7.80. 

THE EARTH: Variation of terrestrial latitude.—One of the most im- 
portant subjects that has been under discussion during the past two 
years—important to astronomy and geodesy alike—is the variation of 
terrestrial latitudes, the strong suspicion of which has been confirmed 
by recent very accurate observations, and when once admitted is 
abundantly fortified by the discussion of older observations. 

There seems to be now distinct evidence of a rotation of the geo- 
graphical round the astronomical pole in 427 days. The problem has of 
course attracted the attention of the ablest astronomers and mathema- 
ticians, but the credit for the ablest discussion and the most satisfactory 
solution is undoubtedly due to Mr. S.C. Chandler. The following sum- 
mary of his work is taken from a review in the Monthly Notices (V. 53, 
No. 4). 


aes 
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Mr. Chandler’s observations with the almucantar, in 1884 and 1885, 
first sugested to him, not only the possibility of a variation in latitude, 
but the law of the variation. Twelve months’ observations were of 
course not sufficient to establish a periodicity of fourteen months, 
though they might suggest it; confirmation was, however, furnished by 
Dr, Kiistner, who, in his determination of the aberration from a series 
of observations coincident in time with those of the almucantar, came 
upon similar anomalies. Iurther evidence bearing on the question was 
forthcoming in the parallel determinations at Berlin, Prague, Potsdam, 
and Pulkowa, which showed changes in apparent latitude, not only 
strikingly sympathetic among themselves, but of the same range and 
periodicity as those noticed in 1885; and Mr. Chandler “was Jed to 
make further investigations on the subject, which seem to establish the 
nature of the law of these changes, and proceeded (1891, November) to 
present them in due order.” 

The consequent series of papers in the Astronomical Journal can 
hardly fail to take its place as one of the astronomical classies. The 
following summary is made purposely very brief because the series is 
not yet complete, and no doubt much still remains to be said on such 
an important subject. But it will be seen that during the year 1892 
(including perhaps the end of 1891) a most important advance has 
been made in fundamental astronomy. 

The first paper (regarding that already mentioned as preliminary) 
deals with the observations with the Pulkowa vertical circle (1865- 
1875), “which have been provocative of so much inquiry, so far without 
any solution of the anonialies which they show in regard to the ques- 
tion of latitude variation,” and the Washington prime vertical observa- 
tions (1862-1867), “the most accurate determinations of declination 
ever made at the Naval Observatory,” which yet “resulted in anomalous 
values of the aberration constant in the different years and a negative 
parallax i all.” Mr. Chandler finds that a 427-day period in the lati- 
tude “furnishes the true key to the troublesome discordances in the 
Pulkowa latitudes,” and “traces to their origin the anomalies in the 
Washington observations.” Further, the comparison of the two series 


‘leads to the same conclusion as that already shown from the simul- 


taneous series at Berlin and Cambridge (United States) in 1885 as to 
the direction of the polar motion. In the next paper it is mentioned 
that observations at Melbourne (1863-1884) and Leyden (1863-1867) 
are in complete accordance with those made at the same time at Pul-~ 
kowa and Washington; and that the 427-day period accounts for the 
contradictory results obtained by Dr. Van Hennekeler at Leyden. The 
motion of the earth’s pole for the period 1860-1870 is thus fairly estab- 
lished. The author proceeds to consider earlier observations. In the 
papers numbered 3 and 4, the systematic errors of Bradley’s obser 7a- 
tions, which were reduced afresh for this purpose, are discussed, particu- 
larly the collimation error. It is then concluded that the observations 
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indicate a rotation of the pole in little more than a year and with a 
larger radius than that of 1860-1880, the range being about 1’. In the 
same paper Mr. Chandler states that Brinkley’s observations at Dub- 
lin (1808-1813 and 1818-1822) are found to indicate a rotation in about 
a year, with range more than 1’, “‘ wherein lies the solution of the hith- 
erto unsolved enigma of Brinkley’s singular results which led to the 
spirited and almost acrimonious dispute between Brinkley and Pond 
with regard to stellar parallaxes.” The details were promised in a 
later paper, but have not yet been given, owing doubtless to the ne- 
cessity of attending to a vitally important point which will presently 
appear. 

In papers 5 and 6 are presented the results of an enormous mass of 
reductions extending from 1837 to 1891, made at no fewer than seven- 
teen observatories. The whole is broken up into forty-five series, or 
short groups, for the purposes of this particular discussion; and the 
result of this minute inquiry, confirmed (or perhaps suggested) by the 
observations of Bradley and Brinkley above mentioned, seemed clear, 
viz, that the “instantaneous rate of angular motion of the pole has 
been diminishing during the last half century at a sensibly uniform 
rate, by its one-hundred-thousandth part.” 

Mr. Chandler was led to modify this statement in a remarkable 
manner and within a few weeks. 

Astronomers had hesitated to accept the 427-day period, even in face 
of the very strong evidence of the 1860-1880 observations, owing to the 
difficulty in accounting for it theoretically. It had been pointed out by 
Kuler that, treating the earth as a rigid body, the period of rotation 
of the pole must be 306 days. Prof. Newcomb, however, happily 
pointed out that a qualified rigidity (either actual viscosity or the 
composite character due to the ocean) afforded an explanation of this 
longer period; and after this suggestion Mr. Chandler’s 427-day 
period was well and even warmly received. But the further elabora- 
tion of this hypothesis by a changing period was a new difficulty. 

Prof. Newcomb, who had reconciled the first article of the hypothesis 
with theory, was not slow to declare that the second was irreconcilable. 
Mr. Chandler’s reply, in paper 6, is a model of controversial courtesy 
and skill. He says: “It should first be said that in beginning these 
investigations I deliberately put aside all teachings of theory, because 
it seemed to me high time that the facts should be examined by a 
purely inductive process; that the nugatory results of all attempts to 
detect the existence of the Eulerian period probably arose from a 
defect of the theory itself; and that the entangled condition of the 
whole subject required that it should be examined afresh by processes 
unfettered by any preconceived notions whatever. . . . The ap- 
peal to observation, treated irrespective of theory in the present 
series of papers, shows that a rotation of the pole really exists, but 
(a) at a daily rate of but 0°.85 (for 1875), and (b) that this velocity is 
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subject to a slow retardation, which in its turn is not uniform - - ° 
The result (a) was at first pronounced impossible, and it is even now 
so regarded in some quarters. Prof. Neweomb, however, soon after 
found the defect in the theory, and is now as cordially in favor of the 
result given by observation as he was originally against it.. - °° 
Now, may it not reasonably be asked, if the direct deduction from 
observation has led to the correction of the theory in the first par- 
ticular, is it beyond hope that it may do so in regard to the second?” 

Such a truly scientific attitude inspires confidence that the search is 
being rightly conducted; but the most sanguine could hardly be pre- 
pared for the reconciliation of observation and theory in the very next 
paper of the series, published six weeks later. 

By this time Mr. Chandler had rearranged his material, and found, 
not one variable rotation of the pole, but two constant rotations (with a 
qualification), one in 427 days and the other in about ayear. The qual- 
ification is that the amplitude of the latter is apparently variable, not 
the period. Thesuperposition of these two rotations is almost exactly 
equivalent, for the observations available, to the law (or summary of 
observation, as it might fairly be called) previously announced. To 
make clear the novelty of this discovery it may be remarked that, 
although fluctuations in zenith distances of annual period have long 
been recognized, they have generally been ascribed to temperature 
effects, in which case the maxima and minima for all stations in the 
Northern Hemisphere should occur at the same epoch—say, midsummer 
and midwinter. But this is not the case with the annual term now 
revealed. The epoch changes with the longitude, showing that the 
pole moves just as in the case of the 427-day term. 

It is somewhat remarkable that two formule differing so much 
in form should be found to represent the observations almost 
equally well. Apparently this is to be attributed chiefly to the varia- 
bility in amplitude of the annual term, and as yet this variability has 
not been accounted for. But to have advanced the work to this stage 
in such a short time is a great achievement, and much may confidently 
be expected from Mr, Chandler’s future work. He points out, in a 
paper dated January 2, 1893, that the discovery of these periodic in- 
equalities in the latitude makes if necessary to go over much old work 
afresh, and is himself leading the way with a discussion of the aberra: 
tion constant. 

In the same paper he shows that the recent results obtained at Ber. 
lin, Prague, Strasburg, Pulkowa, Rockville, and Honolulu give a mear 
correction to his final formula of only five days in the epoch; “and the 
accordance of the separate values is high testimony to the skill of the 
observers, to whom astronomers Owe a deep debt of gratitude for their 
laborious and conscientious ork 

Standard time.—In reviewing the recent progress made in the intro- 
duction of uniform standards of time M. Pasquier states that in Can- 
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ada Parliament has declared as legal the normal hours from Green- 
wich adopted since 1883 by railways and later by a great number of 
towns. In England a commission has reported favorably upon the 
system of hourly meridians, and the Government bas strongly recom- 
mended it to the colonies. In France, Paris mean time is used for all 
the country, including Algeria. In Belgium a commission has recom- 
mended the hourly meridian system, with Greenwich as the starting 
point. In Holland the Government has authorized the adoption of 
Greenwich time for interior railway service. In Prussia mean Euro- 
pean time (mitteleuropiiische Zeit or M. i. Z,) which is one hour greater 
than Greenwich time, replaced Berlin time from the 1st of June, 1891, 
for the railway service of the interior. Bavaria, Wiirtemberg, and 
Baden have also decided on M. E. Z., which will also be used in Al- 
sace-Lorraine. Austria and Hungary adopted M. E. Z. fram October 
1, 1891, for railway, post, and telegraph service, and there is a strong 
feeling for its adoption in civil life. In Italy, at the instance of the 
Academy of Sciences of Bologna, which favors the meridian of Jeru- 
salem, there was a plan for assembling a new congress at Rome, but this 
however, seems to have been abandoned. There is here as well as in 
Switzerland a strong sentiment in favor of Greenwich as the standard. 

At the Cape of Good Hope the extension of railways brought about 
the adoption of a single-standard time throughout the colony in Feb- 
ruary, 1892. The meridian one and one-half hours east of Greenwich 
is in use for all purposes in Cape Colony and the Orange Free State, 
and all time signals are given at Greenwich noon. 

Sky glows.—The atter-glows that attracted so much attention in 1883 
and 1854 showed some signs of return, though in lesser degree, in the- 
early part of 1891. The tint and general appearance are reported to 
have greatly resembled the auroral displays. 

The systematic study of these “luminous night clouds” has been 
taken up by Prof. Foerster and Herr Jesse, of the Berlin observatory. 

The Moon.—A valuable contribution has been made to the study 
of the moon in “ An essay on the distribution of the moon’s heat and 
its variation with the phase,” by Mr. F. W. Very, of the Allegheny Ob- 
servatory—a paper which yained the prize proposed in July, 1890, by 
the Utrecht Society of Arts and Sciences. M1, Very’s investigation 
was made with one of Langley’s ‘‘bolometers,” and the principal results 
may best be described in the author’s own words : 

First, that visible rays form a much larger proportion of the total 
radiation at the full than at the partial phases, the maximum for light 
being much more pronounced than that for the heat. Next, as has 
been foresecn from the eccentricity of the heat areas, their greater ex- 
tension toward the westera limb, and the greater steepness of the sun- 
set than of the sunrise gradient, the diminution of the heat from the 
full to the third quarter is slower than its increase from the first quarter 
to the full. Pinally, thereiy a fair agreement between these results and 
those of Lord Rosse, which extends even to some minor details, such 
as the attainmeni of the hignest heat at little before the full. 
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In a discussion of the moon’s atmosphere Mr. Ranyard expresses 
the opinion that the moon can not have an atmosphere one two-thou- 
saidth part as dense as that of the earth at sea level. It must, how- 
ever, be remembered that, were our atmosphere transferred to the 
moon, its density would only be one-sixth what it is onthe earth. 

Protessor Weinek, of Prague, who has been making a special study 
of the Lick photographs of the moon, has detected several new rills 
and craters on the negatives. 

MARs.—Mars was in opposition to the sun on August 3, 1892, and 
though the planet was also at this time very favorably situated as re- 
gards its proximity to the earth, its great southern declination was a 
serious impediment to observation in the northern hemisphere. At 
the Harvard observatory station, Arequipa, Peru, the planet was, how- 
ever, almost in the zenith, and full advantage was taken of this by Prof. 
W. H. Pickering and his assistants. Many of Schiaparelli’s canals were 
identitied; some were seen double, and marked changes were detected 
in progress in various parts of the planet, especially in the neighborhood 
of the Lacus solis or Terby sea. Prof. Pickering and other observers 
detected a number of bright white spots besides the polar snow cap. 

In an article in the March number of L’ Astronomié, 1891, Flammarion 
describes various changes in the topography of Mars, the most striking 
of which are also in connection with the Terby sea. Drawings are 
given of its appearance in 1877, 1879, 1881, and 1890; briefly, it seems 
to have undergone cleavage, and while some former “ affluent canals” 
have disappeared, other new ones have developed. The strait called 
Herschel] tr has been transformed into a straight double canal. 

JUPITER: Discovery of a fifth satellite—The most interesting as- 
tronomical event ot the year 1892 was the discovery by Barnard, with 
the 36-inch Lick equatorial, on September 9, of a fifth satellite of the 
planet Jupiter. 

Followifig is Prof. Barnard’s own account of his discovery, in deserib- 
ing his search for new objects in the Astronomical Journal: 


Nothing of special importance was encountered until the night of 
September 9, when, in carefully examining the immediate region of the 
planet Jupiter, I detected an exceedingly small star close to the planet 
and near the third satellite. I at once measured the distance and po- 
sition angle with reference to satellite m1. I then tried to get meas- 
ures referred to Jupiter, but found that one of the wires had got broken, 
and the other loosened. Before anything further could be done the 
object disappeared in the glare about Jupiter. Though TE was positive 
the object was a new satellite, I had only the one set of measures, which 
was hardly proof enough for announcement. 

I replaced the wires the next morning. The next night with the 
great telescope, being Prof. Schaeberle’s, he very kindly gave the in- 
strument up to me, and I had the pleasure of verifying the discovery, 
and secured a good set of measures at elongation. ae 
- Just what the magnitude of the satellite is it is at present quite im- 
possible to tell, Taking into consideration Its position, however, in the 


120 PROGRESS OF ASTRONOMY FOR 1891 AND 1892. 


elare of Jupiter, it would perhaps not be fainter than the thirteenth — 
magnitude. 

The satellite has been seen and its position observed at the University 
of Virginia, at Princeton, at Ealing, and at Evanston; the 183 inch re- 
fractor at Evaiiston being apparently the smallest instrument with 
which it has thus far been seen, and it was then reported as being a 
much more difficult object than Ariel or Umbriel, the satellites of 
Uranus, though Mr. Reed with the 23-inch Princeton glass found it 
an easier object than Ariel. 

The new satellite’s orbit seems to lie sensibly in the plane of Jupiter’s 
equator; the distance of the satellite from the center of the planet is 
probably over 110,000 miles and its period of rotation about 11" 57™ 37°, 

Diameter of Jupiter—An admirable series of measures of the diam- 
eter of Jupiter, by Dr. Schur, with the Géttingen heliometer, is pub- 
lished in No. 3073 of the Astronomische Nachrichten. The effect of per- 
sonal equation was eliminated by the use of a reversion prism eye- 
piece. Dr. Schur finds the disk a sensibly true ellipse with diameters 
37.4 and 35/.0, a flattening of 1-154. 


Mr. Burnham communicated to the November meeting of the Royal 
Astronomical Society, in 1891, a paper on the spots and markings of 
Jupiter as observed with the 12-inch equatorial of the Lick Observatory. 
Noting the decided changes of color in the different markings on the 
planet’s surface, he expresses the opinion that the red color is an indi- 
cation of age, or, in other words, when a spot or marking other than the 
whitespots first appears itis dark or black, but after some time turns red. 
During the year 1891 the planet was extremely interesting, owing to the 
remarkable amount and variety of detail displayed on its surface. The 
two hemispheres were, as usual, strongly in contrast in their individual 
markings. In the southern hemisphere, besides the great red spot, 
new spots appeared, and a great number of round white spots were visi- 
ble. These white spots are quite characteristic of the southern hemis- 
phere, though individual white spots have at rare intervals been seen 
in the northern hemisphere. In the latter a system of small dark spots 
appeared, with very short periods of rotation. Mr. Burnham reports 
that the great red spot had regained much of its former distinctness, 
both in color and form. 

SATURN.—On September 22, 1891, the earth passed through the 
plane of Saturn’s rings. From the 22d of the month to October 30 the 
earth was above the plane of the rings, while the sun was below that 
plane and, consequently, shining on the southern side of the rings. 
After October 30 the sun was again shining on the north side. The 
phenomenon of the disappearance of the rings was described by sey- 
eral observers. 

URANUsS.—A search for new satellites made by several observers at 
the Lick Observatory from 1889 to 1891 has resulted negatively. The 
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observers were satisfied “that no new satellite half as bright as Ariel at 
elongation exists within the orbit of Umbriel. It is not likely that any 
such object exists within the orbit of Titania.” 

NrPpTunn.—Mr, Asaph Hall, jr., finds that observations of the satel- 
lite with the 26-inch Washington refractor from October, 1891, to 
March, 1892, confirm the reality of the slow motion, nearly proportional 
to the time, of the orbit plane of the satellite with respect to the orbit 
of Neptune, to which Mr. Marth called attention and which M. Tisse- 
rand shows may result from a slight flattening of the planet. 


MINOR PLANETS. 


Asteroids of 1591,—Of the asteroids announced in the last_report, 
No. 286 has been named Iclea, 296 Phaétusa, 297 Caecilia, 298 Bap- 
tistina, 299 Thora, 300 Geraldina, 301 Bavaria. An asteroid, discov- 
ered on November 14, 1890, by Charlois, at Nice, and subsequently found 
to be a new one, has been named Clarissa. To No. 323, photographed 
by Dr. Wolf November 28 (the first asteroid discovered ne photography), 
he has given the name Brucia, in honor of Miss Catherine W. Bruce, 
who lias contributed so generously for the advancement of astronomy. 

In 1891 twenty-two new asteroids were added to the group revolving 
between Mars and Jupiter, and photography now having become a 
powerful aid in the detection of these small bodies, the number still 
likely to be found seems almost limitless. The last on the list for 1891, 
No, 323, was discovered by Dr. Wolf upon his photographic plates. 
Another asteroid was, in fact, found upon the same plate, but it proved 
to be identical with 275 (Sapientia). 

Palisa, on August 14, 1891, discovered what was for a time supposed 
to be a new planet, but it was found to be identical with 149, Medusa, 
discovered in 1875; 275, which had not been seen since the epee of 
its discovery (1888), has been found again by the aid of photography ; 
318 is intefesting from the almost exact commensurability of its pe- 
riod with that of Jupiter. 

No. 302, Clarissa (discovered November 14, 1890), was not included in 
the last list published, and is, therefore, introduced here to make the 


lists complete. 
List of minor planels of 1891, 
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List of minor planets of 1891—Continued. 
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Asteroids of 1892.—The further and very successful application of 
photography to the discovery of asteroids by Dr. Wolf, at Heidelberg, 
and by M. Charlois, at Nice, resulted in such rapid additions to the list 
that the notation of these bodies was thrown into the utmost con- 
fusion. Hitherto the simple numbering in the order of discovery had 
been a rule easily applied by the discoverer, but where several aster- 
oids were found upon a single photographic plate it was not always 
possible to determine until later observations and computations whether 
they were really new asteroids or not, and when the planetary char- 
acter of the object was recognized it was frequently found imprinted 
upon some earlier photograph. 

It was accordingly suggested, in No. 266 of the Astronomical Jour- 
nal, that as a temporary omission of the number is attended with less 
inconvenience than is caused by the employment of an erroneous one, 
the numbers for the asteroids after number 322 should be omitted 
until the difficult task of fixing a definite enumeration should be 
delegated by common consent to some one authority to which all could 
defer. 

Common consent seemed to point to the Berlin Rechen-Institut as 
the only place actually in possession of the needful resources for 
solving the questions of identity continually arising, and it was agreed 
that to avoid further confusion Prof. Krueger, director of the Kiel 
observatory, the European “Central-Stelle,” and editor of the Astro- 
nomische Nachrichten, should assign to each asteroid a provisional 
notation (1892 A, 1892 B, 1892 ©, ete.) in the order of its announce- 
ment to the “ Telegraphische Central-Stelle;” and that the definitive 
numeration should be subsequently undertaken by Prof. Tietjen, 
director of the Rechen-Institut, in Berlin. In this definitive assign- 
ment of numbers those asteroids will be omitted, for which sufficient 
material is not available for a determination of the orbits. 
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The first asteroid to which the new notation was assigned was that 
discovered by Wolf, at Heidelberg, on August 22, 1892; it was pro- 
visionally known as 1892 A, and subsequently received its more per- 
manent designation, number 333, from Prof. Tietjen, and its name, 
Badenia, from the discover. . 

In 1892 thirty new asteroids were announced; one of these, 1892 B, 
has already proved to be identical with Erigone, 163; and it is possible 
that further study will identify some of the others. 

Some slight discrepancies are still found in the different lists of as- 
teroids for the year, but as the new system of notation becomes estab- 
lished they will probably disappear. 

In the following list all the discoveries were by photography except 
324, 326,327, and 331. In the case of the photographic discoveries tie 
date given is that of the earliest photograph on which the planet ap- 
pears. It was in many cases not noticed on the plate till considerably 
later, which accounts for the departures from chronological order in the 
‘date of discovery”: 


List of minor planets of 1892. 
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OBSERVATORIES, 


The chief sources of information concerning the recent work of as. 
tronomical observatories are the Vierteljahrsschrift der Astronomischen 
Gesellschaft, for continental and a few American observatories, and the 
Monthly Notices for English observatories; in addition to these are the 
reports of the observatories themselves—though few publish independ- 
ent annual reports—and notes in current journals, chiefly the Observa- 
tory and the Sidereal Messenger. 

In the following résumé the length of the notes is by no means always 
in proportion to the importance of the institution. The character of 
the work of the older observatories is generally too well known to 
require more than the briefest mention, while for the new observa- 
tories an effort is made to put on record as much information with re- 
gard to the equipment, etc., as can be found. In most instances it 
has not seemed necessary to distinguish between the two years covered 
by the review. 

Among papers of interest on observatories is a series of notes on 
visits to some American observatories made by Mr. H. F. Newall, of 
the Cambridge Observatory, England, and published in the Observatory. 


ABASTUMAN.—A new mountain observatory has been established 
at Abastuman (26 51™ 25° H, + 41° 42/4). It is 4,500 feet above sea 
level and is equipped with a 9-inch telescope by Repsold. 

ADELAIDE: Todd.—Reobservation of Weisse stars; observations of 
Jupiter; weather service. 

ALABAMA UNIVERSITY.—An astronomical observatory attached to 
the University of Alabama, near Tuscaloosa, was completed in the sum- 
mer of 1844. The building was originally 54 feet in length by 22 in 
breadth in the center. In 1858 another apartment, 40 feet in length by 
20 in width, was added to the east wing. The instruments consist of 
a 4-inch transit circle of 5-feet focus by Simms, the circle being 3 feet 
in diameter, divided to five minutes, and read by four microscopes to 
single seconds; a clock by Molyneaux; an equatorial, also by Simms, of 
S inches aperture and 12 feet focus, provided with a filar micrometer 
and double image micrometer, the hour circle being divided to one 
second of time and the declination circle to five seconds of are, read by 
opposite verniers. As an accessory to the equatorial there is an excel- 
lent clock by Dent. There are also two portable achromatic tele- 
scopes—one by Dolland of 7 feet focal length and 4 inches aperture, 
the other by Simms of 5 feet focal length and 3 inches aperture—and 
reflecting circle by Troughton, of 10 inches aperture, read by three 
verniers to twenty seconds. 

The observatory was built and the instruments purchased and 
mounted under the supervision of Prof. F. A. P. Barnard. A woodeut 
of the building is given in number 15 of the publications of the Astro- 
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nomical Society of the Pacifie, taken from the report of the United 
States Commissioner of Education for 1889. 

ALLEGHENY: Keeler—At a meeting of the board of trustees of the 
Western University of Pennsylvania on May 11, 1891, J. E. Keeler, of 
the Lick Observatory, was elected professor of astrophysics in the 
university and director of the Allegheny Observatory, Mr. F. W. Very 
being associated with him as adjunct professor of astronomy. 

Through the generosity of Mrs. William Thaw the observatory has 
been provided with a very powerful spectroscope by Brashear; a new 
driving clock was presented by Mr. William Thaw, jr. 

ARMAGH: Dreyer.—Micrometrie measures of nebulae; physical ob- 
servations of Jupiter. - 

ATHENS: Hginitis.—The National Astronomical and Meteorological 
Observatory at Athens has been reorganized under the directorship of 
Prof. Eginitis. 

BAMBERG: Hartwig.—The large heliometer of 184 millimeters aper- 
ture has been brought into regular use. Observations of variable stars 
and of a few occultations have been made, besides observations for the 
determination of change of latitude, 

BASEL: Riggenbach.—Instruction of students. 

BERLIN: Foerster.—Transit circle observations, measures of double 
stars, ete. 

BERMERSIDE (Halifax): Crossley—Measurement of double stars; 
observation of the phenomena of Jupiter’s and Saturn’s satellites. Me- 
teorological observations. 

Bipston: See Liverpool. 

BiRR CASTLE: Marl of Rosse.—Observations for lunar heat. Mete- 
orology. 

Bonn: Kiistner.—Prof. Deichmiiller was succeeded as director on 
October 1,,1891, by Dr. Kiistner. Observation of the zone + 40° to 
+ 50° was completed. 

Boston UNIVERSITY.—A small observatory has been erected for 
purposes of instruction. Lat, +42° 21’ 32/.5; long. 4 44™ 15* west of 
Greenwich. The chief instrument is an equatorial of 7 inches aperture 
and 8 feet 1 inch focus, objective by Clacey and mounting by Saegmuller. 

BRESLAU: Galle.—Time service and meteorological observations. 
The one hundredth anniversary of the observatory was celebrated in 
1891. 

BRUSSELS: Folie.—Cloudy weather, an insufiicient personnel, and 
the disturbance incident to the removal of the observatory to Uccle 
greatly interfered with the work of 1890. M. Niesten has continued his 
observations on the physical aspect of Mercury, Venus, Mars, and 
Jupiter, with the 38-centimeter (15 inches) equatorial. Since the death 
of M. Fievez the spectroscope has been in charge of M. Spée. 

Buparest: Konkoly.—The new observatory of the Royal Meteoro- 
logical Reichsanstalt consists of a transit room 64 meters (21 teet) by 
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4 meters (13 feet) and a room for the refractor with a dome 44 meters 
(15 feet) in diameter. The instrumental equipment is very meager, 
consisting chiefly of a 44-inch telescope, a transit, clock, chronometer, 
chronograph, electrical and other subsidiary apparatus. The director 
reports but little astronomical work accomplished. 

CAMBRIDGE (England): Ball.—Prof. Adams has been succeeded as 
director by Sir Robert Ball. Considerable progress has been made 
upon the zone work. The 25-inch Newall refractor has been used for 
physical observations of planets and photography of stellar spectra. 
A spectroscope has been provided from “ the Bruce fund.” 

CAPE oF Goop Hope: Gill.—Transit circle observations of the sun, 
Mercury, Venus, and of stars for a new ten-year catalogue, stars oc- 
culted by the moon, stars employed for latitude determinations, ete. ; 
with the heliometer, measures for stellar parallax and measures of Jupi- 
ter’s satellites have been made, and with the zenith telescope, after 
its renovation, observations for an investigation of the constant of 
aberration. The photographic work has consisted of miscellaneous 
photographs of.stars and planets, in addition to regular astrophoto- 
graphic charting. 

The catalogue of the Southern Photographic Durchmusterung has 
been made ready for the press. 

CARLETON: See Goodsell. 

CHAMBERLIN: Howe—The building has been completed at a cost of 
$25,000. 

Cuicaco-——See Kenwood, Yerkes. 

COLUMBIA (Missouri): Updegraff—The observatory of the University 
of Missouri (lat. + 38° 56’ 50” ; long. 15 1” 68.4 west of Washington) 
was first built in 1853, and then consisted of a small wooden structure 
in which were mounted a 4-inch Fitz equatorial, a 2;;-inch transit by 
Brunner, a sidereal clock, and other smaller instruments. It was used 
for the purpose of instructing students in astronomy, and few changes 
or additions were made till 1880, when a 74-inch equatorial by Merz & 
Mahler was bought. The building was then removed to another part 
of the college grounds and enlarged by the erection of a brick tower, 
with a dome, for the newly aequired telescope. Soon after a sidereal 
clock, a chronograph, and spectroscope, all by Fauth & Co., were pur- 
chased. A 2-inch altazimuth, by Blunt, of New York, had been bought 
some years before. The director at that time was Prof. Joseph Fick- 
lin, who died in September, 1886. 

Prof. Milton Updegraff was appointed director in July, 1890, and 
while much of his time is taken up in teaching classes in astronomy 
and mathematics, he has done exeellent work in the observation of 
planets and comets, besides a redetermination of latitude and longi- 
tude, the latter by telegraphic connection with the observatory of 
Washington University, St. Louis. The observatory building has been 
enlarged by the addition of an office room and a library. 
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COPENHAGEN: Nielsen.—M. Victor Nielsen at his private observa- 
tory has a 7$ inch refractor by Reinfelder and Hertel, the objective of 
Jena glass. The work has been chiefly upon the moon. 

CROWBOROUGH HILL: Roberts.—Mr. Isaac Roberts’ new observatory 
is one of the highest points in the south of England, 780 feet above 
sea level. The hemispherical dome has two slits to effect thorough ven- 
tilation. Photographs of stars, planets, nebula, and clusters. A pho- 
tographic search has been made for a trans-Neptunian planet. ; 

DAKOTA AGRICULTURAL COLLEGE (Brookings, Dakota.)—Founded 
in 1891; equipment, 5-inch equatorial, 2-inch transit, clock and chrono- 
graph. 

DENVER.—See Chamberlin. 2 

DRESDEN: Dr. B. von Engelhardt.—Observations of comets, nebule 
and asteroids, and micrometric measures of Bradley stars. 

DUDLEY: Boss.—Miss Catherine Wolfe Bruce, of New York city, 
who is already known for her munificent gifts in aid of astronomy, has 
given $25,000 to the Dudley Observatory for the increase of its perma- 
nent endowment. From various sources the additional sum of $31,700 
has been secured to defray the cost of rebuilding the observatory on a 
new site and of furnishing it with anew equatorial of 12inches aperture, to- 
gether with other improvements in its equipment. The cost of the 
telescope is provided for by Robert C. and Charles L. Pruyn; it is to 
be of the most approved modern construction. The cost of re-estab- 
lishing the Olcott meridian circle (8 inches aperture), constructed 
by Pistor and Martins, of Berlin, in 1858, together with a collimating 
meridian mark and other improvements, is also provided for. The 
old site is very unfavorable to astronomical observation, owing to its 
proximity to the four tracks of the New York Central Railroad, which 
with a very heavy traffic, group around the base of Observatory Hill 
at a distance of about 150 yards from the instruments. The new site is 
about 2 miles southwest of the present location upon a plot of about 6 
acres, 

DuNnsInE: Rambaut.—On February 20, 1892, Sir Robert Ball was ap- 
pointed to succeed Prof. Adams at Cambridge, and the vacancy in the 
directorship of the Dunsink Observatory was filled October 22 by the 
appointment of Dr. A. A. Rambaut. Dr. Rambaut’s assistant is Mr. 
A. E. Lyster. The 15-inch reflector has been used for stellar photog- 
raphy, principally for determinations of stellar parallax. 

DiissELDORF; Luther.—Observations of asteroids and computation 
of ephemerides. The passage of railroad trains at a distance of 320 
meters from the observatory has not seriously interfered with the ob- 
servations. 

BALInG : Common.—An excellent 5-foot mirror and a new grating 
spectroscope have been made for the great telescope. Photographs 
of nebulze and of the moon have been taken. 

EDINBURGH: Copeland.—The reduction of the meridian observations 
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of nebula has been undertaken and some further observations have 
been made at Dunecht, but little observing has been done pending the 
completion of the new buildings. The main building of the new ob- 
servatory is to be 180 feet from east to west, terminating in two towers 
surmounted by domes, or rather “drums.” The eastern tower, rising 
to a height of 75 feet, will contain the 15-inch Grubb refractor, while 
the 24-inch reflector from the old site at Calton Hill will be mounted 
in the western dome. A single range of rooms, opening on a corridor 
on the south, extends from tower to tower. The roof is designed as 
an asphalted platform, affording free communication between the 
towers. Beginning at the west there are a spectroscope room, general 
laboratory, electrical room, cleaning room, mechanic’s workshop, chrono- 
graph and class room. Light and dark photographic rooms, as well 
as a computing room for the equatorial and photographic work, are in 
the eastern tower. A central extension of the building toward the 
south, 80 feet by 26 feet, will contain the chief computing room, hall- 
way, ete., director’s room, and fire-proof library—34 feet by 23 feet, 
with a light iron gallery affording access to the upper shelves. .An up- 
per story to the southern part of this portion of the building, 66 feet 
in length,’is designed for optical work. In the basement will be placed 
the heating apparatus, a dynamo, and accumulators for supplying elec- 
tricity for lighting the observatory and illuminating the instruments. 
In the observatory there will thus be but one chimney. 

The transit circle will be in a separate building, with light walls and 
roof of corrugated iron, 80 feet west of the western tower, accessible by 
a covered way. The remaining buildings are the astronomer’s house, 
two assistants’ houses, and a gate lodge. 

GENEVA: Gautier——Col. Emile Gautier died on February 24, 1891, 
and was succeeded in the directorship by his son, R. Gautier. The 
principal work of the observatory is the testing of watches and chro- 
nometers, and meteorological observations. A number of observations 
of comets have also been made. 

GLASGOW.—Meridian circle observations. ’ 

GOTTINGEN: Schur.—Observations of asteroids, comets, and Praesepe, 
and measures for stellar parallax; regular meridian observations, and 
physical observations of the moon, Jupiter, Saturn and Uranus. 

GOODSELL: Payne.—The observatory of Carleton College received a 
new name, in honor of Mr. ©, F. Goodsell, the founder of Carleton Col- 
lege, on June 11, 1891. 

The new Williams equatorial, costing $15,000, was installed in 1891. 
Its clear aperture is 16.2 inches and focal length 22 feet, the lenses 
having been figured by Brashear upon Hastings’ curves and the mount- 
ing provided by Warner and Swasey. 

GotHA: Harzer.-—Reduction of previous observations. The director's 
time has been given almost entirely to lectures and to his theoretical 
investigations. : 
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GREENWICH: Christie—Theregular work of the observatory has been 
continued much the same asin previous years, and in addition astro- 
photographic observations have grown to be a part of the routine, 
more especially the catalogue of guide stars for the photographie chart. 
A 9-inch Grubb photographie telescope has been presented to the 
observatory by Sir Henry Thompson and has been mounted on the 
Lassell equatorial as a photoheliograph. The erection of the new 
36-foot dome, which is to cover the 28-inch refractor, was begun in 
December, 1892. A diseussion of Greenwich observations from 1851 
to the present time by Mr. Thackeray has furnished a very satis- 
factory confirmation of Mr. Chandler’s doubly periodic variation of the 
latitude (in about 365 and 427 days, respectively). A successful longi- 
tude campaign has been carried on with Montreal, and the difference of 
longitude between Greenwich and Paris has been redetermined by 
English and French observers. Some additions to the equipment have 
been made and the details of an electric-light installation have been 
settled. 

HAMBURG: Riimker.—Observations of comets, asteroids, aud compar- 
ison stars; chronometer work for the German navy; meteorological ob- 
servations, and time service. 

HARVARD COLLEGE: Pickerong.— With the meridian cirele the obser- 
vation of stars in the southern Durchmusterung zone (—9° 50/ to —14° 
10’) has advanced toward completion. The 15-inch equatorial has 
been employed on observations partly photometric and partly micro- 
metric, while the principal work done with the west equatorial has 
been the study by Argelander’s method ofthe changes in the light of the 
variable stars of long period. 

Photographic observations, provided for by the Henry Draper me- 
morial, have been carried on continuously, generally throughout every 
clear night, and with the aid of three telescopes. 

An attempt to secure a suitable location for the Boyden Fund obsery- 
ing station on Wilson’s Peak, in southern California, proved unsuccess- 
ful, but an expedition sent out to Peru, under the direction of Prof. 
W. H. Pickering, left Cambridge in December, 1890, and established 
a station about 3 miles northwest of Arequipa, where a 13-inch 
equatorial was mounted and observations were commenced. The 
station is over 8,000 feet above sea level, and has a nearly cloudless 
sky during a large part of the year; the thermometer rarely falls be- 
low 40° F., and rarely goes above 70°. The brilliancy of the stars is 
most striking; stars of the 6.5 magnitude are picked out easily with 
the naked eye, the eleven Pleiades can be counted, and the Gegen- 
schein can be readily seen any evening after 9 o’clock. 

The Harvard Observatory time service, which had been in operation 
with but little interruption since 1856, was discontinued after March 
31, 1892, having become financially unprofitable, by reason of the fact 
that time signals from the United States Naval Observatory were 
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offered to the public in Boston through the Western Union Telegraph 
Company at a lower rate than they could be furnished by the Harvard 
Observatory. 

HATHORN (Saratoga Springs, N. Y.): del OCorral.—Physical observa- 
tions of Jupiter with a 6-inch telescope. 

HAVERFORD COLLEGE: Leavenworth—Work on stellar parallax; 
sun-spot observations. 

H&IDELBERG: Wolf—Stellar photography, photometric observa. 
tions. Prof. Wolf has been very successful in the discovery of new 
asteroids by photography. 

HERENY: von Gothard.—Spectroscopic researches; photography of 
nebule; observations of variable stars; meteorological observations; 
time service, and computations of asteroids. 

Honckone: Doberck.—Time service; meteorological and magnetic 
observations. 

Iowa Untversity: Weld.—A student’s astronomical observatory 
has recently been established at the State University of Iowa, lowa 
City, under the direction of Prof. L. G. Weld. ‘The main building is 12 
feet square, capped by a cylindrical turret in which is mounted a 
Grubb equatorial of 5 inches aperture, and 774 inches focal length; a 
Wiirdemann transit of 1Z inches aperture and 24 inches focus is mounted 
in a wing 10 by 12 feet. Subsidiary apparatus consists of a 4-inch 
portable Fitz equatorial, clock, chronometer, and chronograph. 

JACKSON (Mich.)—Small private observatory of Mr. U. W. Lawton. 

JENA: Knopf.—The observatory was founded in 1812 by the Grand 
Duke of Saxe-Weimar. Observations of comets, occultations, phenom- 
ena of Jupiter’s satellites, variable star observations; time service; 
meteorology. A new equatorial of 20 centimeters (7.9 inches) aperture 
and 3 meters (9.8 feet) has been installed. 

KALOCSA: Fényi.—Solar and meteorological observations. 

Kernwoop: Hale—The Kenwood Physical Observatory, the private 
observatory of Prof. George E. Hale, had its inception in a spectro- 
scopic laboratory erected in Chicago in the summer of 1888. The 
addition of a tower and wing during the winter of 1890~91 brought 
the building to its present form, and it now includes a reception room, 
library, equatorial room, ‘slit room,” “grating room,” photographie 
(lark room, general laboratory, and workshop. The grating room 
contains a 4-inch concave grating of 10 feet radius of curvature, 
mounted in the manner employed by Prof. Rowland. <A shorter 
girder allows the use of a grating of only 5 feet radius in cases when 
the light source is too faint to admit of the highest dispersion. Sun- 
light is furnished by a heliostat on a pier some distance to the north 
of the building. Electrical power is supplied through a gas engine 
and storage battery and also from the main city wires. 

The mounting of the equatorial was finished in March, 1891, by 
Warner and Swasey, and the excellent 12.2-inch object glass, figured 
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from Dr. Hastings’s calculation, by Brashear, was in place and ready for 
use in April, 1891, The spectroscope is large, the objectives being 
alike and of 34 inches clear aperture and 42$ inches focus, corrected for 
work in the visual region. The grating is a 4-inch flat, in addition to 
which there is a 30° white flint prism. A second photographie objec- 
tive of exactly the same aperture and focal length as the visual glass 
will be provided and a double tube will replace the single tube, the 
object glass being so supported that either one may be used on either 
tube. 

The observatory was formally dedicated on June 15, 1891; it has 
been incorporated under the laws of the State of Illinois and its con- 
trol is vested in a board of trustees. The plan of work includes a study 
of solar phenomena, with especial attention fo spectroscopic investiga- 
tions of the spots, chromosphere, and prominences. An interesting and 
well-illustrated description of the observatory, together with an address 
delivered at the dedication by Prof. Young, is published in the Sidereal 
Messenger for August, 1891. 

KIEL: Krueger.—‘Centralstelle fiir astronomische Telegramme.” 
Spectroscopic and photometric observations, observations of comets 
and asteroids and computations of orbits and ephemerides. 

KGONIGSBERG: CO. W. F. Peters.—Meridian observations, heliometer 
measures of double stars, and for parallax; observations of comets and 
of the moon. Meteorology. 

KREMSMUNSTER: Wagner.—Observations of comets and sun spots. 
Time service, meteorological and magnetic observations. 

Lapp: Upton.—The Ladd observatory was formally presented to 
Brown University, Providence, R. I., by Governor Ladd on October 21, 
1891. The building and equipment have cost nearly $30,000. The 
main part of the building is 43 by 27 feet, and the transit room 26 by 
15 feet. The chief instrument is an equatorial of 12.2 inches aperture, 
objective by Brashear, and mounting by Saegmuller. It is one of three 
recently made by Mr. Brashear from the formule of Prof. C. 8S. Hast- 
ings. The mounting embodies several convenient devices. The spec- 
troscope, which is of special excellence, is by Brashear. 

The clock room is a chamber in the equatorial pier, and contains a 
Howard sidereal and a Molyneaux mean time clock. The other instru- 
ments are a 3-inch portable transit by Saegmuller; a sinaller transit for 
students’ use, a Warner and Swasey chronograph, several chronom- 
eters and sextants, a barograph, thermograph, and recording hygrom- 
eter by Richard Freres, a recording rain and snow gauge by Ierguson, 
and ordinary meteorological instruments. The observatory is designed 
primarily for the instruction of students, but also for research, and the 
equipment has been planned for a possible extension of the latter as 
the resources of the observatory may allow. The director is Prof. 
Winslow Upton. 

Lerezia: H. Bruns.—Parallax ineasures of stars with large proper 


732 PROGRESS OF ASTRONOMY FOR 1891 AND 1892. 


motions, observations of planets and asteroids. Zone work +5° to + 
10°, and +10° to +15°; triangulation of trapezium of Orion. Time 
service and meteorological observations. 

Lick: Holden.—A new building has been erected to cover the Wil- 
lard photographic lens (aperture 5.9 inches, focal length 31 inches), and 
its mounting by Brashear, presented by Hon. C. I. Crocker. The dome 
is 10 feet in diameter, and attached to it is a photographic dark room 
about 10 by 11 feet. 

A graduate school of astronomy has been established at the Lick 
Observatory as a part of the graduate system of the University of Cali- 
fornia, and a special fund established by Mrs. Phebe Hearst is in part 
available for the expenses of advanced students elected fellows by 
the regents. 

Barnard’s discovery of a fifth satellite of Jupiter with the 36-inch re- 
fractor has been referred to elsewhere. 

Liza: Folie—This observatory is attached to the Royal Observa- 
tory at Brussels, and its observations are published in the Brussels 
volumes. Much excellent theoretial work has been done by M.de Ball 
while awaiting repairs to the meridian circle. 

LIVERPOOL: Plummer.—Time service, chronometers, meteorological 
observations. The 8-inch equatorial has been used in the systematic 
observation of comets. 

Lunn: Folke Engsti6m.—Work on zone +35° to +40°. 

McCormick: Stone.—Prof. Stone has published a continuation of 
the Bonn Durchmusterung, upon which he has been engaged for a 
number of years. 

MADRAS: Smith.—Mr. C. Michie Smith, since the death of Mr, Pog- 
son, has been chiefly engaged in pushing forward the publication of 
observations of earlier years. Observations other than those required 
for the efficient maintenance of the time service have been entirely 
subordinated to the work of publication. Two volumes of the valuable 
Madras Meridian Circle Observations have been issued. 

MELBOURNE: Lllery.—Meridian circle work has been continued. 
The photographic telescope was mounted in January, 1891, and consid- 
erable progress has been made towards the photographic catalogue. 
Meteorological aud magnetic observations, time service, and chronom- 
eter rating have been kept up, but the observatory has been seriously 
crippled by the reduction of its appropriations, necessitating the retire- 
ment of two assistants. : 

MILAN: Schiaparelli.ir~Measurements of double stars; preparations 
for a catalogue of 1,100 stars, zone +2° to +6° observed from 1860 to 
1872. Longitude work, time service, and magnetic observations. 

MISSISSIPPI UNIVERSITY: Hulton—Under date of July 6, 1891, it 
was reported (Sid. Mess., No. 97) that a “twin equatorial” (a 15-inch 
visual telescope and a 9-inch photographic telescope side by side on the 
same mounting) was under construction by Grubb. 


’ 
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Mount HoLyoxe (South Hadley, Mass.)--Sun-spot observations. 

Mount Rosa.—A small observatory is in course of construction on 
Mount Rosa, 15,000 feet above sea level, consisting of a wooden hut 10 
by 30 feet. ; 

Municu: Seeliger.—A new Repsold 6-inch meridian circle was 
mounted in July, 1891. Observations of comets and of Saturn with the 
103-inch refractor; investigations of personal equation dependent on 
the magnitudes of stars; longitude work, meteorological observations. 

Natau.—Observations of the Moon’s position and of Mars. 

O’GYALLA: Konkoly.—Observations of sun spots, drawings of Jupi- 
ter; a few spectroscopic observations and some photographic experi- 
ments. Much time has been spent in the reorganization of the Gov- 
ernment Meteorological Bureau. 

OXFORD (University).—The series of observations for determining 
by photography the parallax of about 30 stars chiefly of the second 
magnitude has been completed and the results published. Much time 
has been spent in the preparation of the new instruments to be used 
on the international chart of the heavens, and a considerable number 
of plates comprised in the zone assigned to Oxford have been completed. 
Experimental work has also been done for the committee in charge of 
the international chart. 

A convenient observatory has been erected contiguous to the main 
building for the exclusive use of university students. This observatory 
isfurnished with two small transit circles, three telescopes, one of which 
is a reflector of 15 inches aperture, and subsidiary apparatus. 

Paris: Tisserand.—In the report for 1891 the director stated that 
the Gambey circle had been applied to the investigation of the latitude 
and the question of its variation; observations to determine the con- 
stant of aberration were completed, and besides the usual planetary 
and cometary observations, a considerable number of measurements of 
double stars and micrometric measures of nebule were made. 

Photographie work upon the great chart and upon the moon has 
been continued, and the newly organized department of spectroscopy 
has obtained interesting results under M. Deslandres. 

The report for 1892 contains a tribute to Admiral Mouchez, the late 
director, an account of gratifying progress in the photographic and 
spectroscopic work, and with the equatorial coudé. A * Bureau des 
Mesures des Clichés du Catalogue” has been organized, with Mlle. 
Klumpke at its head. 

Porspam: Vogel.—The spectroscopic determination of the motion of 
stars in the line of sight to which Dr. Vogel has given especial atten- 
tion has been continued, and many of the results have been published. 
Dr. Scheiner has worked upon stellar spectra and the spectra of solar 
prominences. Prof. Miiller and Dr. Kempf have completed their obser- 
vations for a photometric Durchmusterang, and Prof. Miller his long 
series of photometric observations of the planets. Dr. Lohse and Prof. 
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Spoerer have been engaged in photographie and visual observations of 
the sun. 

PRAGUE: Safarik.—Variable stars. 

PRAGUE (University): Weinek.—Drawings of the moon. Determina- 
tion of latitude, observations of Jupiter’s satellites, time service, mag- 
netic and meteorological observations. 

PROVIDENCE (R. I.).—See Ladd. 

RADCLIFFE (Oxford): Stone.—Work on the general catalogue of 
6,350 stars for 1890; meridian observations of the sun and moon. Ob- 
servations of comets, double stars, and occultations. Meteorology. 

RomeE.—The first fascicule of the publications of the new Vatican 
observatory contains the interesting Papal Brief founding the observa- 
tory, an historical introduction, and two papers on astronomical photo- 
graphy, to which the observatory is to be for the present devoted. 

Rowusvon (Lyme Regis) : Peek.— Variable stars; time service. 

San Dreco (Cal.)—Mrs. Proctor, widow of the late R. A. Proctor, 
proposes to erect an observatory at San Diego as a memorial to her 
husband; an 18-inch object glass has been ordered. 

SAN FERNANDO: Viniegra.—Capt. J. Viniegra has been appointed 
director, to succeed Capt. Pujazon. 

SmiTH (Beloit, Wis.): Bacon.—Sun-spot observations, ete. 

STONYHURST: Sidgreaves.—Photography of the solar spectrum and 
of stellar spectra; drawings of sun spots and measures of the chromo- 
sj here and proeminences. A new 15-inch refractor has been purchased 
with the fund raised to the memory of the late Father Perry. 

STRASBURG: Becker.—The meridian circle has been used in obsery- 
ing the zone —2° to —6°, and also the sun, moon, and planets. Some 
defects in the construction of the altazimuth were remedied and the 
instrument was used in a careful series of observations for the determ- 
ination of the variation of latitude, beginning in May, 1891, and ending 
in March, 1892, 

SyDNEY.—Transit-circle work, observations of double stars and of 
comets; photographic work for the international chart, photographs 
of comets and of Mars. Weather-chart service. 

TEMPLE (Rugby): Double stars; nebulae photography. 

TouLousn: Bigourdan.—From an account of the history of the ob- 
servatory by M. Bigourdan it appears that it was originally estab- 
lished in 1729 on one of the towers of the rampart of the town. Gari- 
puy made some observations there, but afterwards erected an observa- 
tory on his own house and superseded it by a larger and more commo- 
dious one in 1770. Darquier assisted him for a time, but afterwards 
erected an observatory of his own. Vidal had commenced his astro- 
nomical work at the observatory of Garipuy, which, however, became 
the property of the states of Languedoc after the death of the founder 
in 1782. Vidal retired in 1807, and, after several attempts to improve 
the observatory, it was decided in 1840 to erect a new one at the ex- 
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tremity of the town. The buildings were commenced the following 
year, but it was not until the end of 1846 that they received their in- 
strumental equipment. Garipuy’s observatory was then abandoned. 

UNDERWOOD (Appleton, Wis.): Z. W. Underwood.—The Underwood 
observatory in connection with Lawrence University at Appleton, Wis., 
was equipped at the opening of the college year of 1892~93. The out- 
fit consists of a 10-inch Clark equatorial, 4-inch meridian circle, mean- 
time and sidereal clocks, chronometer, and chronograph. A local time 
service has been established. 

UNITED STATES NAVAL OBSERVATORY: McNair.—At the time of the 
last report of the Superintendent, September 29, 1892, the new buildings | 
were not ready for occupancy. The usual routine observations have 
been somewhat interrupted by preparations made for the removal of 
the instruments to the new site, advantage being taken of the inter- 
ruption of observations to advance the reductions of previous years. 

Prof. Asaph Hall was retired by law from active service as a staff 
officer of the Navy on October 15, 1891. 

Upper TULSE HILL: Huggins.—Visual and photographic observa- 
tions of Nova Aurige (1892). 

UpSsALA: Dunér.—Variable stars; stellar photography. A new pho- 
tographic refractor of 33 centimeters (13 inches) objective has been under 
construction, and has necessitated some alterations in the building. 
Time service. 

VASSAR: Miss Whitney.—Sun-spot observations, observations of 
comets, ete. 

WESTMEATH: Wilson.—The 2-foot Grubb reflector has been re- 
mounted and used for stellar photography. Some photographs of 
Jupiter have been taken with a photographic photometer, to determine 
the relative albedo of the planet and his moons. 

Winpsor: Tebbutt—Observations of comets, double stars, occulta- 
tions, and*the phenomena of Jupiter’s satellites. 

WOLSINGHAM: Hspin.—Spectroscopic zone work; double stars. A 
number of new variable stars have been discovered. Meteorological 
observations. 

YALE.—Dr. Elkin’s heliometer work constitutes the chief astro- 
nomical activity. In 1891 the series of observations to determine the 
parallaxes of the first magnitude stars of the northern hemisphere was 
completed. Observations have also been made of comparison stars for 
Victoria, and the computations on the Iris series in 1888 have been car- 
ried forward chiefly by Miss Palmer. Observations of comets and 
asteroids were made by Mr. Chase with the 8-inch Reed equatorial. 

From July, 1891, to January, 1892, the heliometer was devoted to a 
series of measures on the satellites of Jupiter for the determination 
of their orbits, and the mass of the planet. After the completion of 
this work Dr. Chase completed a triangulation of the principal stars 
in Coma Berenices. <A series of measures of Algol has been made to test 
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the theory of a sensible orbital motion of the bright component, and 
the theoretical parallax, suggested by Mr. Chandler. 

YERKES (University of Chicago): Hale—Through the munificence 
of My. Charles J. Yerkes, of Chicago, the University of Chicago is to 
have an astronomical observatory of the first class. No detinite limit 
has been assigned to the expenditure contemplated, but it is intimated 
that the equipment shall be equal to any in existence. The principal 
instrument will be a 40-inch refractor, the disks for which were made 
some years since for the University of Southern California, | 

The remainder of the equipment is still undetermined, but it will 
probably include a 16-inch refractor, 12-inch ‘‘twin” equatorial with 
visual and photographic objectives, 6-inch meridian circle, and 20-inch 
siderostat. 

ZiuRicH: Rk. Wolf.—Sun-spot observations; observations for deter- 
mining the variation of latitude; time service. 


ASTRONOMICAL INSTRUMENTS. 


Brashear—Hastings objectives.—Three large object glasses recently 
made by Brashear are of more than ordinary interest, as they have 
been ground by Prof. Hastings’ formula. They are the 16-inch of the 
Goodsell Observatory, the 12.2 ofthe Ladd Observatory, and the 12-inch 
ofthe Kenwood Physical Observatory. The crown glass was obtained 
from Mantois, of Paris, and the flint from the optical works at Jena, 
Germany. 


A new instrument has been devised by A. Beck, called a “ Nadir- 
Instrument,” for the determination of time and latitude by observation 
of the transits of stars over a circle whose pole is the zenith. The in- 
strument is adjusted for a circle of 60° zenith distance. 


To amateurs a series of articles on the “ Adjustment ofa small Equa- 
torial,” in the Journal of the British Astronomical Association (Feb- 
ruary, 1892), by Mr. Maunder, will undoubtedly prove of interest and 
value. 
MISCELLANEOUS. 


Prizes.—The Lalande prize of the Paris Academy for 1891 was 
awarded to M. G. Bigourdan for the work he has undertaken and 
partly carried out, of micrometrically measuring all the known nebu- 
lee, about six thousand in number, observable at Paris ; this will bea 
first step to obtaining some knowledge of their proper motions, and 
ultimately, perhaps, of their distances from the sun. No memoir was 
presented to the Academy on the special subject proposed for the 
Damoiseau prize, “To perfect the theory of the inequalities of long 
periods caused by the planets in the motion of the moon.” It was, 
therefore, proposed again for 1892, and its value fixed at 4,000 franes. 
Prizes were, however, adjudged, for their planetary and cometary inves- 
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tigations, to MM. Gaillot, Callandreau, and Schulhof, The v alssen 
prize was awarded to M. Rayet, for his spectroscopic work. This 
prize is awarded annually for the first seven years after its foundation 
(1887), and becomes biennial in 1894. 

The Lalande prize of the French Academy of Seiences was awarded on 
December 19, 1892, to Mr. E. E. Barnard for his astronomical discov- 
eries, especially the discovery of the fifth satellite of Jupiter, and to 
Prof. Max Wolf for his work in astronomical photography, especially 
in the discovery of asteroids. The Damoiseau prize to MM. Radau and 
Leveau; the Valz prize to M. Puiseaux for his work on the theory of 
astronomical instruments and the constant of aberration; the Janssen 
prize to M. Tacchini for his work on the solar spectrum. = _ 

The Donohoe Comet Medals of the Astronomical Society of the Pacific.— 
The following amended rules for the bestowal of the medal took 
effect on February 26, 1891. 

i. A medal of bronze is established as a perpetual foundation to be 
given for the discovery of comets, as follows : 

The medal is to bear on the obverse side the effigy of a bright comet 
among stars, with the legend “ASTRONOMICAL SOCIETY OF THE Pa- 
CIFIC” around the border, and on the reverse the inscription, “THIS 
MEDAL, FOUNDED IN 1890 BY JOSEPH A. DONOHOE, 18 PRESENTED 
Tro ——— (the name of the discoverer) ''O COMMEMORATE THE DIS- 
COVERY OF A COMET ON ——— (the date).” 

It is to be understood that this medal is intended solely as a recog- 
nition of merit, and not as a reward. 

IJ. The medal will be given to the actual discoverer of any unex- 
pected comet. 

Ill. The discoverer is to make his discovery known in the usual 
way, and, in order to simplify the work of the committee, which, in 
certain cases may be called upon to consider the merits of several inde- 
pendent discoveries of the same object, he should also address a letter 
to the Director of the Lick Observatory, which should state the exact 
time of the discovery, the position of the comet, the direction of its 
motion (when this can be determined), and the physical appearance of 


the object. 


No application for the bestowal of the medal is required. The letters 
received from discoverers of comets will be preserved in the records of 
the Lick Observatory. Cable telegrams to the Lick Observatory are to 
be addressed to “ Astronomer, San Francisco.” 

IV. All communications will be referred to a committee consisting of 
the Director of the Lick Observatory, ew officio, and of two other per- 
sons, members of the Astronomical Society of the Pacific, who are to 
be annually appointed by the Board of Directors. The decisions of this 
connnittee are to be final npon all points relating to the award of the 
medal. The committee will print an annualstatement of its operations 
in the publications of the society, 

H. Mis. 114 47 
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Under ordinary circumstances the comet medal will be awarded within 
two months after the date of the discovery. In cases of doubt a longer 
period may elapse. Tie medal will not be awarded (unless under the 
most exceptional circumstances) for the discovery of a comet untilenough 
observations are secured (by the discoverer or by others) to permit the 
calculation and verification of its orbit. 

V. This medal is to be a perpetual foundation from and after January 
ES90: 

The fourth award of the Donohoe medal was made to Dr. R. Spitaler, 
assistant in the Imperial Observatory of Vienna, for his discovery of 
a comet “in the morning hours” of November 16, 1890. This was the 
first comet discovered by Dr. Spitaler. 

The fifth award was made to Prof. T. Zona, adjunct astronomer in + 
the Royal Observatory of Palermo, for his discovery of a comet at 
9 31", Greenwich mean time, November 15, 1890. Also, his first dis- 

covery of a comet. 
~The sixth award was made to Mr. E. E. Barnard, astronomer of the 
Lick Observatory, for his discovery of a comet at 16 hours, Greenwich 
mean time, on March 29, 1891. This was the fifteenth comet discoyv- 
ered by Mr. Barnard. a 

The seventh award was also made to Mr. Barnard for a comet dis- 
covered at 0° 55", Greenwich mean time, on October 3, 1891. 

The eigth award was made to Dr. Lewis Swift for his discovery of 
an unexpected comet on March 6, 1892. 

The ninth award was made to Mr. W. F. Denning, of Bristol, Eng- 
land, for his comet of March 18, 1892. 

The tenth award to Mr. W. hk. Brooks, of the Smith Observatory, Ge- 
neva, New York, for a comet on August 28, 1892. 

The eleventh award was made to Mr. E. E. Barnard for his discoy- 
ery by photography of an unexpected comet on October 12, 1892, at 
Mount Hamilton. 

The twelfth award was made to Mr. Edwin Holmes, of London, En 2. 
land, for his comet of November 6, 1892. 

The thirteenth award to Mr. W. R. Brooks for his comet on Novem- 
ber 19, 1892. 

The Acton prize.—Once in seven years the Acton prize of £100 is 
awarded to the person whose scientific writings have been most ser- 
viceable to the cause of natural religion. The last prize was adjudged 
to Prof. G. Stokes, of Cambridge University. The recipient in 1892 
was Miss Agnes Clerke, author of the “History of Astronomy in the 
Nineteenth Century;” of the “System of the Stars;” and of “ Studies 
in Homer.” 

The Bruce fund.—The fund of $6,000 placed by Miss Bruce in Prof. 
Pickering’s hands to be used in aid of astronomical work, has been 
applied as follows: To Prof, Neweomb, for a discussion of the contact 
observations of Venus during the transits of 1874 and 1882; Dr. Plass- 
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mann, printing observations of meteors and of variable stars; Astro- 
nomische Gesellschaft, construction of tables for the computation of 
the absolute perturbations of the asteroids by Gyldéns method; Inter- 
national Geodetic Commission, dispatch of a party to the Sandwich 
Islands for a study of the variations of latitude; Mr. H. H. Turner, 
computation of tables for reductions of star places; Prof. E. S. Holden, 
reduction of meridian observations of Struve stars; Prof. H. A. Row- 
land, identification of metals in the solar spectrum; Dr. L. Struve, 
reduction of the occultations observed during the eclipse of January 
28, 1888. 


It may not be out of place here to note that a legacy of 100,000 
franes ($20,000) has been left by an old lady of Pau to the hestitute of 
France, as a reward for the person of any nationality who shall, within 
the next ten years, succeed in communicating with the inhabitants of 
some other celestial body. Apropos of this legacy, Flammarion has 
written an interesting article in L’Astronomie as to the possibility of 
our ever being able to accomplish communication with our neighbors. 

The Danish Academy of Sciences and Letters has awarded a gold 
medal to Baron E. von Haerdtl, of Innspruck, for his memoir on a 
case of the problem of three bodies proposed by the Acadamy in 1889. 


Astronomy and astro-physics.—With its one hundred and first num- 
ber, the Sidereai Messenger, which has been edited by Prof. W. W. 
Payne, at Northfield, Minn., since 1882, takes a new name, and is 
enlarged, so that a considerable portion of each number is devoted, 
under the able editorship of Prof. G. E. Hale, of Chicago University, 
to what is now known as astro-physics. Prof. Payne continues as 
senior editor in “General Astronomy,” assisted by Prof. H. C. Wilson. 
The bibliograyher will note that, though the journal has a new name, 
the volume and current number are continued from the Sidereal Mes- 
senger ;~ thus the initial number of Astronomy and Astro-physies is 
‘¢Number 101,” forming part of ‘“‘ Volume x1.” 


It is stated that there are to be erected in Berlin three hundred 
“Urania pillars.” These pillars will be about 18 feet high, made of 
vast iron, and will each contain a clock, meteorological instruments, 
weather charts, astronomical and geographical announcements, and 
also, as in the streets of Paris, a plan of the neighboring streets in en- 
larged form to enable strangers to find their way. The instruments 
are to be regulated from the observatory. 


A star atlas by Herr Jacob Messer, of St. Petersburg, the page being 
about 44 inches by 8? inches, will be found extremely convenient for 
amateur observers who do not care to burden themselves with the larger 
works. It contains all the stars visible to the naked eye (first to sixth 
magnitudes, inclusive), from the north pole down to 35° south declina- 
tion, together with a selection of the most interesting double stars, 


variables, nebulz, clusters, etc. 
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Much interesting light has been thrown of late on Babylonian as- 
tronomy by Fathers Epping and Strassmaier. A series of lunar and 
planetary observations has recently been found in the cuneiform tablets 
of the British Museum, and among others an observation of a lunar 
eclipse, one of the nine used by Ptolemy in his Almagest. Another 
work of the same authors shows that the Babylonians were able to 
predict the rising and setting of the moon, and the hour and magni- 
tude of an eclipse. 


Mr. A. M. W. Downing, superintendent of the computations at the 
Royal Observatory, Greenwich, was appointed to succeed Dr. Hind, 
who retired from the position of superintendent of the British Nautical 
Almanac office on January 4, 1892. 


The Astronomische Gesellschaft held its fourteenth biennial meeting 
at Munich August 5-7, under the presidency of M. Gyldén. The society 
numbers 318 members. 


A new astronomical society—An association was formed in Berlin, 
in 1891, called the “Union of Friends of Astronomy and Cosmival 
Physics,” for the purpose of securing co-operation in the study of these 
sciences in the countries of central Europe. The strength of the new 
society is perhaps best indicated by the names of its officers, Prof. 
Lehmann-Filhés being president, and Herrn Forster, M. W. Meyer, 
Plassmann, Jesse, Weinstein, and Reimann the presidents of its six 
sections. 


The question of the ownership of an aerolite has been referred for 
settlement to the courts, and the decision reached is of some interest. 
On May 2, 1890, an aerolite weighing 66 pounds fell on the land of 
John Goddard, in Winnebago County, lowa. It was dug up by Peter 
Hoagland, carried to his house, and sold for $105. Goddard claimed 
it as it had fallen on his land, while Hoagland claimed it as he dis- 
covered it and as it fell from heaven. In the suit that resulted the 
court held that the stone became part of the soil on which it fell, and 
that Hoagland had no right to remove it. The defense claimed that 
whatever was movable and found on the surface of the earth unclaimed 
by any owner was supposed to be abandoned by the proprietor. 
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NECROLOGY OF ASTRONOMERS, 1891-.92. 


ADAMS (JOHN CovcH). Born near Launceston, Cornwall, June 5, 1819; died at 
Cambridge, England, January 21, 1892. 

Arry (GEORGE BippELL). Born at Alnwick, July 27, 1801; died at Greenwich, Janu- 
ary 2, 1892. 

BrUNNow (FRANZ FRIEDRICH Ernst). Born at Berlin, November 18, 1821; died at 
Heidelberg, August 20, 1891. 

CLARK (GEORGE BASSETT). Born at , February 14, 1827; died at Cambridge- 
port, December 30, 1891. = 

DE GASPARIS (ANNIBALE). Born at Bugniea, November 9, 1819; died at Naples, 
March 21, 1891. 

GAUTIER (EMILE). Born at Geneva, April 18, 1822; died at Geneva, February 25, 
1891. 

GRANT (ROBERT). Born at Grantown-on-Sprey, June 17, 1814; died at Grantown, 
October 24, 1892. 

HARTNUP (JOHN). Born in London, 1841; died at Liverpool, April 21, 1892. 

VON HaYNaLp (LupDwIG). Born at Szécséeny, 1816; died at Kalocsa, July 4, 1891. 

KLEIBER (JOSEPH). Born at St. Petersburg, December 15, 1863; died at Nice, 
February 12, 1892. 

Moucnez (AMEDEE ERNEST BARTHELEMY). Born at Madrid, August 24, 1821; died 
at Wissons, June 29, 1892. 

PoGson (NORMAN ROBERT). Born at Nottingham, March 23, 1829; died at Madras, 
June 23, 1891. 

RUTHERFURD (LEWIS Morris). Born at Morrisania, November 25, 1816; died May, 
30, 1892. 

SCHONFELD (Epvarp). Born at Hildburghausen, December 22, 1828; died at Bonn, 
May 1, 1891, 

SrEYDLER (AUGUST). Born at Senftenberg, June 1, 1849; died at Prag, June 22, 1891. 


742 PROGRESS OF ASTRONOMY FOR i891 AND 1892. 


ASTRONOMICAL BIBLIOGRAPHY FOR 1891 AND 1892. 


The following bibliography or index catalogue is arranged upon the 
plan adopted in the review of astronomy for 1886, thus making this 
series of indexes complete from that year to 1892, except for the year 
1890, an index for which was published in the Sidereal Messenger for 
1891 (vol. 10, pp. 84, 356). 

The principal books, memoirs, and journal articles published in 1891 
and 1892 that have come under the compiler’s notice are here included, 
and there are also a few titles that belong to earlier years but were 
not found in time to insert in previous lists. References to series of 
observations, preliminary orbits of comets and asteroids, reviews, ete¢., 
are omitted, and to condense it into reasonable limits the bibhography 
has not been made exhaustive even to the extent of printing all titles 
that were originally collected. 

The subject headings are in alphabetical order, with a subarrange- 
ment by authors. The references to periodicals are by volume and page 
separated by a colon; thus: Obsry. 15:173-89 indicates volume 15, 
pages 173 to 189, of The Observatory. 

The following is a list of the principal periodicals examined: 
American Journal of Science, vols. 141-144. 

Astronomical Journal, Nos. 233-283. 

Astronomische Nachrichten, Nos. 3010-3139, 

L’Astronomie, vols. 10 and 11. 

Astronomy and Astrophysies, vol. 11. 

Bulletin Astronomique, vols. 8 and 9. 

Comptes Rendus, vols. 112, 113, 114, 115. 

Journal of the British Astronomical Association. 

Monthly Notices of the Royal Astronomical Society, vols. 51, No. 3, to vol, 52, No. 9. 
The Observatory, vols. 14, 15. 

Publications of the Astronomical Society of the Pacific, Nos. 13 to 26. 
Sidereal Messenger, vol. 10. 

Vierteljahrsschrift der Astronomischen Gesellschaft, 26.-27. Jahrg. 


ABBREVIATIONS. 


Abstr. = Abstract. n. FP. = neue Folge. 
Am, = American. nh. S. = new series. 
Bd. = Band. | Not. = Notices. 

d. = di, der, del, ete. Obsry. = Observatory. 
ed. = edition. p. = page. 
Hft. = Heft. pl. = plates. 
hrsg. = herausgegeben. portr. = portraits. 
il. = illustrated. pt. = part. 
j., jour. = journal. r. = reale. 
k. k, = kaiserlich-kéniglich. Rev. = Review. 
Lfe. = Lieferung. Ss. = series. 
n. d. =no date. | sc. = science, scientific. 
n. p. = no place of publication. vol. = volume. 
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Abastuman Observatory. 
VON GLASENAPP (S.) [Opening.] Astron. Nachr., 130: 223. 1892. 
See, also, Compt. Rend. 115: 865. 1892. 
Aberration (Constant of). 
Comstock (G. C.) Provisional results of a determination of the constant of 
aberration. Astron. Jour., 11: 161-6. 1892. 


KUSTNER (F.) Bestimmung der Aberrations-constante aus Meridian-Zenithdis- 
tanzen unabhiingig von den Schwankungen der Polhéhe. Astron. Nachr., 126: 
2338-48. 1891. 

Lonwy (M.) and Purseux (P. H.) Détermination de la constante de laberra- 
tion. Compt. Rend., 112: 549, 1089. 1891. 

ROszEx (B. M.) & ANNIs (B. 8S.) Solution of Struve’s equations for the deter- 
mination of the aberration, taking into account the possible variability of 
the latitude. Astron. Jour., 12: 9-11. 1892. 

Adams (John Couch). [1819-’92.] ~ 

Downine (A. M. W.) [Biographical sketch.] Vrtljschr. d. astron. Gesellsch., 
27: 168-71. 1892. 

GLAISHER (J. W. L.) [Biographical sketch.] Obsry., 15: 173-89. 1892. 

Fo, Biography, see, also, J. Brit. Astron. Assn.,2 :196, 1892. Also: Month. Not 53:184-209, 
1892. Also: Astron. Jour., 11:12, 1892. 
For Portrait, see J. Brit. Astron. Assn., 2; Also, Obsry., 15, 1892. 
Airy. (George Biddle). [1801~92.] 

DUNKIN (E.) [Biographical sketch of ] Sir George Biddle Airy. Obsry., 15: 74- 
94. 1892. Portr. 

TURNER (H. H.) [Biographical sketch.] Astron. Nachr., 129: 33-8. 1892. 

For Biography, see Astron Jour., 11: 98; Also: Compt. Rend 114: 91. 1892; Also: J. Brit. 
Astron. Assn., 2: 193-5; Also: Month. Not., 52, 212:29. 1842. 
For Portrait, see Obsry., 15; Alsv: J. Brit. Astron. Assn., 2, 1892. 
Alabama University Observatory. 
[DEscripTIon.] il. Pub. Astron. Soc. Pacific, 3: 110. 1891. 


Algol. See Variable stars. 


Altazimuth. 
Curistie (W. H. M.) New form of altazimuth. Month. Not., 52: 480-4. 1892. 


Asteroid 8. 
DowninG (A. M. W.) Orbit of Flora. Month. Not., 52: 585-96. 1892. 


Asterosd 80. 
GROEBEN ( ). Resultate einer neuen Bahnbestimmung des Planeten 80, 
Sappho. Astron. Nachr., 131:153. 1892. 
Asteroid 143. 
von Harrpti (E.) Elemente und Ephemeride. Astron. Nachr., 128: 193-8. 
1891. 
Asteroids. 
BACKLUND (O.) Bewegung einer gewissen Gruppe der kleinen Planeten. 54 p. 
4to. St. Petersb. 1892. 
BeRBERICH (A.) Bahnneigung der kleinen Planeten. Astron. Nachr., 129: 265. 
1892. 
Kirkwoop (D.) Groups of asteroids. Astron, and Astrophys, 11: 785-9. 1892. 
— Similarity of certain orbits. Pub. Astron. Soc. Pacific, 3:95. 1891, 
Krurcer (A.) Notiz betr. die Nummerirung der kleinen Planeten. Astron. 
Nachr., 130: 159. 1892. 
Noration for the asteroids. Astron. Jour., 12: 15,55. 1892. 
Wor (M.) Photographische Aufnahmen von kleinen Planeten. Astron.Nachr., 


129; 338-42. 1892. 
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Asteroids of 1890. ; 
LEHMANN (P.) Zusammenstellung der Planeten-Entdeckungen im Jahre 1890. 
Vrtljschr. d. astron. Gesellsch, 26: 59-65. 1891. 
‘Asteroids of 1891. 
LEHMANN (P.) Z“usammenstellung der Planeten-Entdeckungen im Jahre 1891. 
Vrtljschr. a. astron. Gesellsch, 27: 52-9. 1892. 


Astrology. 
DauBRiE (A.) L’astrologie et les métaux. L’Astron., 10: 363-73. 1891. 


Astronomers. ‘ 
Markwick (KE. E.) Evolution of an amateur astronomer. J. Brit. Astron. 
Assn., 2: 496-504. 1892. 


Astronomical Society of the Pacific. 
HotpEN (E. 8.) Address of the retiring president... Mar. 28, 1891. Pub. 
Astron. Soc. Pacitic, 3: 103-10. 1891. 
Prerson (W.M.) Address of the retiring president... Mar. 26, 1892. Pub. 
Astron. Soe. Pacific, 4:51-8. 1892. 


Astronomy. 
Batt (RK. 8.) In Starry Realms. 10+3871 p. il8vo. London, 1892. 

Star-Land. Being talks with young people about the wonders of the 
heayens. 8-+ 3876p. i2mo. 

CHAMBERS (G. F.) Pictorial astronomy for general readers. 15 + 268 p. 8vo. 
London, 1891. 

CLERKE (A.M.) System of the stars. Mev. by Hale (G. E.). Pub. Astron. 
Soc. of the Pacific, 3: 180-94. 1891. 

DENNING (W. F.) Telescopic work for starlight evenings, 11 + 361 p. il. 8vo. 
London, 1891. 

Gort (J.E.) Star groups: astudent’s guide to the constellations. 8yo. Maps. 
London, 1891. 

LANGLEY (S. P.) The new astronomy. Newed. 8vo. Boston, 1891. 

Markwick (EK. E.) Naked-eye astronomy. J. Brit. Astron. Assn., 1: 188-94. 
i891. 

WARREN (H. W.) Recreations in astronomy with directions for practical 
experiments in telescopic work. 

Wo Lr (R.) Handbuch der Astronomia, ihrer Geschichte und Litteratur. Band. 
1. 16+ 712 p. il. 8vo. Ziirich, 1891. 

YounG (C. A.) Lessons in astronomy, including Uranography, 104-358 p. il. 
8vo. Boston, 1891. 


Astronomy (Bibliography of). 

COPELAND (R.) Catalogue of the Crawford library of the Royal Observatory, 
Edinburgh. 497 p.4to. Edinb. 1890. 

VON GELDERN (O.) Catalogue of the library of the Astronomical Society of 
the Pacific and of the Alexander Montgomery Library. Pub. Astron. Soc. 
Pacific, 3: 303-32. 1891. 

TaTLock (J.) Index to ‘Copernicus.’ Trans. N. Y. Acad. Se., 10: 87-102. 
1891. 

WINLOCK (W. C.) Brief bibliography of astronomical literature for the year 
1890, January to June. Sid. Mess., 10: 83-9. 1891. 

Brief bibliography of astronomical literature for the year 1890, July to 
December. Sid. Mess., 10:356-62. 1891. 


Astronomy (History of). 
BROWN (R.) jr. Euphratean steliar researches. Proce. Soc. Biblical Archeol, 
14: 280-804. 1892. 
CuambeErs (G. 1.) History of astronomy. Sid. Mess. 10: 457-62. 1891. 
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Astronomy (History of )}—Continued. 
Epping (J.) and Srrassmarer (J. N.) Babylonische Mondbeobachtungen aus 
den Jahren 38 und 79 der Seleuciden Avera, Ztschr. f. Assyriol, 7:220-54. 1892. 
Rup.orr (G.) & Hocnanim (A.) Die Astronomie des Malimfid ibn Muham- 
med ibn Omaral Gagmini. Ztschr. d. Deutsch. Morgenliindisch Gesellsch. 27 
Cig), SUBEG,  sRERE : 
WittsTEIN (A.) Historisch-astronomische Fragmente aus der orientalischen. 
Literatur. 30p.1 pl. 8°. 1892. 


Astronomy (Practical). 
CAMPBELL (W. W.) Handbook of practical astronomy. 168 p. 8°. Ann Arbor, 
1892. 


Astronomy (Progress of). 

ASTRONOMY in 1890. Sid. Mess., 10: 133-6. 1891. 

BouQqUET DELAGRYE (J.J.A.) Progrés de l’astronomic en 1891. L’Astron. 11: 
180-8. 1892. ie 

NoTEs on some points connected with the progress of astronomy during the 
past year [1890]. Month. Not., 51: 237-265. 1891. 

NOTES on some points connected with the progress of astronomy during the 
past year [1891]. Month. Not., 52: 270-304. 1892. 

Report of the council on the progress of astronomy during the year ending 
September 30,1891. J. Brit. Astron. Assn.,2: 7-25. 1891. 

Report of the council on the progress of astronomy during the year ending 
September 30,1892. J. Brit. Astron. Assn., 3: 10-27. 1892. 


Astronomy (Theoretical). 
Kxioock (H.) -Studien zur theoretischen Astronomic. 1 Heft. 20 p. 8vo. 
Wilster, 1891. 
Soucuon (A.) Traité d’astronomie théorique, contenant Vexposition du caleul 
des perturbations planétaires et lunaires, ete. 50£p. 8vo. Paris, 1891. 
Watson (J. C.) Theoretical astronomy. Errata by W. W. Campbell. Pub. 
Astron. Soc. Pacific, 3: 87-91. 1891. 


Atmosphere. 
See also Refraction. 
Mutirre (G.) FPhotometrische und spectroskopische Beobachtungen angestellt 
auf dem Gipfel des siintis. 101 p. 3pl. 4to. Potsdam, 1891. 
Pub. d. Astrophys Obs. zu Potsdam. No, 27; (Bd. 8 Stiiek 1). Mev. by 
Safarik (A.) Vrtljschr. d. astron. Gesellsch. 27: 248-55. 1892. 
Aurora. : 
BiageLow (#. H.) New anrora-inclinometer. Sid. Mess., 10: 496. 1891 
—. Reply to Professor Nipher on ‘‘The theory of the solar corona.” Am.,J. 
e., 141: 505-7. 1891. 
—. Solar corona; an instance of the Newtonian potential function in the case 
of repulsion. Am. J. Sc., 142: 1-11. 1891. 
—. Solution of the aurora problem. Am. J. Sc.. 141: 83-9. 1891. 


Azimuth. 
JAcoBy (H.) Determination of azimuth by elongations of Polaris. Month. 
Not., 52: 106. 1891. 
Baltimore Astronomical Society. 
[Organization.] Astron. and Astrophys., 11: 789. 1892. 
Binary stars. See, also, DOUBLE STARS. 
Burnuam (8. W.) New binary stars 2416, Scorpii185. Sid. mess.,10: 489-91, 1891. 
—. New binary star 7 208. Astron. and Astrophys, 11: 464. 1892. 
Gorn (J. E.) Catalogue of binary stars for which orbits have been computed. 
Proc. Roy. Irish Acad., v. 1, No. 4. 
Also Reprint. 
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- Binary stars—Continned. 
Monck (W.H.8.) Spectra of binary stars. Astron. and Astrophys., 113326. 
1892. 
PICKERING (E. C.) Close binary stars. Sid, Mess., 10:5. 1891. 
Sr (T. J. J.) Eccentricities of the orbits of binary stars. Sid. Mess., 10: 65-7. 
TSO 
Vocrr (H. C.) Beobachtungen der auf spectrographischem Wege aufgefun- 
, denen Biniiren Systeme (£ Aurigae und ¢ Ursae imajoris anf dem Potsdamer 
Observatorium. Astron. Nachr., 126: 265-72. 1891. 
Briinnow (Franz Friedrich Ernst) [1821-91]. 
KrurGer (A.) Todes-Anzeige. Astron. Nachr., 128: 205-8. 1891. 
For Biography, see also, Pub. Astron Soc. Pacific, 3: 367, 1892, Also, Month. Not., 52: 230 
1892. 
For Portrait, see Pub. Astron. Soc. Pacific, 3. 
Calendar. 
FLAMMARION (C.) Curiosités du calendrier. il. L’Astron., 11: 20-5. 1892. 
McFarLaNpb (R. W.) <A perpetual calendar. Sid. Mess.,10: 129-31. 1891. 
SERVIER (—.) Calendrier perpétuel. L’Astron., 11: 260-5. 1892. 
Camphausen (Gottfried Ludolph) [180390]. 
VocEL (H. C.) Todes-Anzeige. Astron. Nachr., 126: 343. 1891. 
Capodimonte Observatory. 
ANGELITTI (I*°,) Nuova determinazione della latitudine del R. Osservatorio di 
Capodimonte. Astron. Nachr., 130: 429-34, 1892. 
Carleton College Observatory. 
PayneE (W. W.) [Description of the observatory and instruments.] il. Pub, 
Astron. Soc. Pacific, 3: 85-7. 1891. 
Chamberlin Observatory. 
[DescrivTion,] Sid. Mess.,10: 400. 1891. 
Chronology. 
Lynn (W.T.) Ancient chronology and eclipses. Astron. Jour., 11:43, 82. 1891. 
STOCKWELL (J. N.) Eclipses and chronology. . Astron, Jour., 11:57-9. 1891. 
—. Rectification of chronology by means of ancient eclipses. Astron. Jour., 
1021853 11255528. 189i: 
—. Supplement to recent contributions to chronology and eclipses. Astron. 
Jour., 12: 121-5. 1892. 
Chronometers. 
Lruscuner (A. 0.) Thermometric chronometer of the Lick Observatory. Pub. 
Astron. Soc. Pacific, 8: 177-80. 1891. 
Circle divisions. 
Bruns (H.) Untersuchung einer Wanschaft’schen Theilung. Astron. Nachr., 
130: 17-42. 1892. 
Clark (George Bassett) [1827-’91]. 
BRASHEAR(J. A.) [Biographical sketch.] Astron. and Astrophys., 11: 367-72. 
1892. 
For Portrait, see Ibid. 
Collimation. 
UppreGrarr (M.) Method for determining the collimation of the portable 
transit instrument. Astron. Jour., 10: 169, 1891. 


Collimators. 
TURNER (H. H.) Observations for coincidence of the collimaters through the 
cube of the transit circle, Greenwich. . . Month Not., 52: 146-53. 1891. 


Colored stars. 
FRANKS (W.S.) and others. Determination of star colors, J. Brit. Astron, Assn., 
1: 301-4. 1891, 


© 
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Colored stars—Continned. 
LEVANDER (F. W.) Determination of the colors of stars. J. Brit. Astron. 
Assn., 1: 195-7. 1891. 


Comet Brorsen. 
Lamp (E.) Der Brorsen’ sche, Comet. 1. Theil: die Verbindung der Erscheinun- 
gen 1873 und 1879 und die Vorausberechnung fiir 1890. 68 p. 4to. Kiel. 1892. 
Pub. d. k. Sternw in Kiel. 7. 
Comet Encke. 
BACKLUND (O.) Caleuls et recherches sur la comete @Encke. Partie I: Tables 
pour le caleul de l’anomalie excentrique et du logarithme du rayon-vecteur. 
60 p.4to. St. Pétersb. 1892. 


Comet Temple-Swift. 
Bossert (J.) Retour de la cométe en 1891. Bull Astron., 8: 185-91. 1891. 
Comet 1402. a 
HELMOLT (—.) Comet vom Friihjahr 1402. Astron, Nachr., 129: 301-6. 1892. 
Comet 1689. ; 
Hotrerscnnk (J.) [Bahn der] Cometen des Jahres 1689, Astron. Nachr., 129: 
323-8. 1892. 
Comet 1840 I. 
RECHENBERG (G.) Definitive Bahnbestimmung des Cometen 18401. Astron. Nachr., 
131: 249-60. 1892. 
Comet 1840 IV. 
SCHULTZ-STEINHEIL (C. A.) Definitive Bahnelemente. . . 28p.4to. Stockholm, 
1891. 
Comet 1857 ITI. 
Konig (R.) Bestimmung der Bahn des Cometen 1857 III. Astron. Nachr., 128: 
385-92. 1891. 


Comet 1867 I. 
BECKER (L.) Orbit of the periodic comet 1867 I. Month Not., 51: 475-94. 1891. 


Comet 1873 VII. 
ScHULHOF (L.) [Orbite de] la coméete 1873 VII. Bull. Astron., 9: 118-21. 1892. 
ScHULHOF (L.),and Bossrerr (J.) [Identité des cométes 1873 VII et 1818 I.] 
Bull. Astron., 8:24-6. 1891. 
Comet 1881 VIII. 
ConteL (J.) [Orbite de la cométe 1881 VIII.] Bull. Astron., 9: 441-55. 1892. 
Comet 1882 ITI. 
Kreutz (H.) Untersuchungen iiber das System der Cometen 1843 I, 1880 I, und 
188211. Theil Il. Der grosse September. Comet 1882 II. (Fortsetzung.) 67. 
p. 4to. Kiel, 1891. Pub. d Kiel Strnwrt. 6. 


Comet 1885 III. 
GALLENMULLER (J.) Definitive Bahnelemente .. . Astron. Nachr., 130: 345-64. 


1892. 
Comet 1886 Iv. 
OPPENHEIM (8.) Bahn des periodischen Cometen 1886 IV (Brooks.) Astron. 
Nachr., 128: 297-306. 1891. 
Comet 1887 III. 
Hernrictus (P. A.) Definitive Bahnelemente des Cometen 1887 III. Astron, 
Nachr., 128: 161-70. 1891. 


Comet 1887 IV. F 
Aperrs (A.) Orbita della cometa 1887 IV. Astron. Nachr., 126: 177-211, 1891. 
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Comet 1887 IV—Continued. rar: . 3 
CHANDLER (S. ©.) [Comparison of Abetti’s and Muller’s orbits.] Astron. 
Jour., 10: 166. 1891. 
Comet 1889 V. 
CHANDLER (S. C.) Definitive orbits of the companions of comet 1889 V. 
Astron. Jour., 10: 153-63. 1891. 


Poor (C.L.) Action of Jupiter... Astron. Jour., 11: 30. 1891. 
Comet 1890 II. 
Bipscuor (F.) Bestimmung der Bahn . . . 18 p. 8vo. Wien, 1891. 


Comet 1890 IV. 
BARNARD (E.E.) Strange astronomical coincidence. Sid, Mess., 10:18. 1891. 


Comet 1890 VII. 
TENNANT (J.F.) Orbit of Spitaler’s comet. Month Not., 52: 29. 1891. 


Comet 1892 I. 
BARNARD (BE. E.) Observations and photographs ... Astron.and Astrophys. 
11: 386-8 1892. 


Comets. 

BARNARD (E. E.) Classification of the periodic comets by their physical appear- 
ance. Astron, Jour., 11: 46. 1891. 

BeRBERICH (A.) Bemerkung zu Deichmiiller ‘‘Ueber die Vorausberechnung 
der Cometen-Helligkeiten.” Astron. Nachr., 131: 75. 1892. 

CoakLhy (G. W.) Tidal theory of the forms of comets, Astron. and Astrophys., 
11: 177-89. 1892. 

DrIcHMULLER (F.) Photometrie der Cometen. Astron. Nachr., 131: 309. 1892. 

——. Vorausberechnung der Cometen-Helligkeiten. Astron. Nachr., 131: 33-42. 
1892, 

Herz (N.) Elektro-statische Hypothese der Cometenschweife. Astron. Nachr., 
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Mars. 
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——. Colors exhibited by the planet Mars. Astron. and Astrophys., 11: 449, 545. 
1892, 


——. [Summary of observations at Arequipa, 1892.] Astron. and Astrophys., 
11: 849-52. 1892. 
SCHAEBERLE (J. M.) Preliminary note on the observations of the surface 
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Mechanics (Celestial)—Continued. 
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Fapsritius (W.) Kreuzstab-mikrometer. Astron. Nachr., 129: 51-56, 1892. 
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Micrometers—Continued. 
WISLICENUS (W. F.) Einfluss von Ring-und Soheibentolenden auf Mikrometer 
Messungen. Astron. Nachr., 128: 345-58, 1891. 


Milky Way. 
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Viry (F. W.) Prize essay on the distribution of the moon’s heat and its varia- 
tion with the phase. 45p. [11 pl.] 4to. The Hague, 1891. 

WEINEK (L.) Enlarged drawings from lunar photographs taken at the Lick Ob- 
servatory. il. Pub. Astron. Soc. Pacific, 3: 333-45. 1891. 
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——. Photographische Entdeckung eines Mondkraters im Mare Nubium, und 
optischer Nachweis desselben. Astron. Nachr., 181: 159, 1892. 


——. Photographic discovery of a new crater. Pub. Astron. Soc. Pacific, 4: 
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phys. 11: 567, 768, 1892, 
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Webular hypothesis—Continued. 
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Neptune. 
HoupEN (E. 8.) Historical note relating to the search for the planet Neptune 
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Nutation. 
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LEAVENWORTH (F. P.) Parallax of 0 Herculis from observations made by Dem-. 
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sur ’équation personnelle. Bull. Astron., 9: 374-9. 1892. 
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and Astrophys, 11: 641-8. 1892. 
SCHAEBERLE (J. M.) Preliminary note on terrestrial atmospheric absorption of 
the photographic rays of light. Astron. Jour., 12: 115. 1892. 


Photography (Stellar). 

CuHaARuIER (C. V. L.) Anwendung der Sternphotographie zu Helligkeitsmessung 
det Sterne. 29 p.4to. Leipzig, 1889. Pub. d. Astron. Gesellsch. 19. 

CHRISTIE (W. H. M.) Relation between diameter of image, duration of ex- 
posure, and brightness of objects in photographs of stars taken at... Green- 
wich. Month. Not., 52: 125-46. 1892. 

——. Notes on the preparations for the work of the astro-photographic chart 
at... Greenwich. Month. Not. 51: 278-86. 1891. 

Dunh&R (N. C.) Photographische Versuchs-Aufnahmen von Sternen. Astron. 
Nachr., 127: 365. 1891. 

HarzEr (P.) Ueber Sternphotographien. Astron. Nachr., 130: 113-20, 1892. 

JacoBy (H.) Reduction of astronomical photographic measures. Astron. Jour., 
10: 129-31. 1891. 

Lorwy (M.) Détermination des coordonnées équatoriales des centres des 
clichés constituant la carte du ciel. Compt. Rend., 112; 1393-9. 1891. 

PRITCHARD (C.) Further experience regarding the magnitude of stars as ob- 
tained by photography in the Oxford University Observatory. Month. Not., 
51: 430-5. 1891. 

ReEES (J. K.) Catalogue of Rutherfurd’s photographie plates of the sun, the 
moon and the stars. 8p. 8vo. [New York, 1891.] 

Repr. from: Ann, N, Y, Acad, Sc., 6, 


764. 


ASTRONOMICAL | 
Photography (Stellar)—Continued. 


——. Preliminary notice of the reduction of Rutherfurd’s star-plates. 
15: 49-55. 1892, 


Obsry., 
WerLLMAN (V.) Hiilfsmittel zur Erkennung von Bewegungserscheinungen auf 
Photographien des Sternhimmels. 


Astron. Nachr., 131: 31. 1892. 
Wotr (M.) Photographische Messung der Sternhelligkeiten im Sternhaufen. 


G. C., 4410. Astron. Nachr., 126: 297-310. 1891. 
Photometer. 
Wirson (W. E.) New photographic photometer for determining star magni- 
tudes. Month. Not., 52: 153-5. 1891. 
Photometry. 


Apniny (W. de W.) Estimation of star magnitudes by extinetion with the 
wedge. Month. Not., 52: 426-9. 1892. 
Gore (J. E.) 


Intensity of the images of stars as affected by wire-gauze screens 
placed before object glasses. 


Obsry. 15: 106-8. 1892. 
128: 113-22 


ScuEINER (J.) Photographisch-photometrische Untersuchungen. Astron. Nachr., 
LOO le 
Planets, 


FLAMMARION (C.) 


Idée Vune communication entre les mondes: & propos dun 
testament astronomique, 
Planets (Figure of.) 


L’Astron., 10: 282-7. 
CALLANDREAU (0O.) 


[u. p. mn. de] 


LEO ie 


Mémoire sur la theorie de la figure des planttes. 8&4 p. 4to. 
Repr. from: Ann. del Obs. de Paris Mém, 19, 1891. [?] 
Pleiades. 
Barnarb (KE. E.) Nebulosities of the Pleiades, and on a new Merope nebula. il. 
Astron. Nachr., 126: 298. 1891. 
JacoBy (H.) The Rutherfurd photographic measures of the group of the 
Pleiades. Ann. N. Y. Acad. Se., 6: 237-330. 1892. 


Also Reprint. 
Rev, by Scheiner (J). Vrtljschr. d. Astron. Gesellsch., 27: 206-13. 1892. 
PRITCHARD (C.) Newly discovered Merope nebula. Astron. Nachr., 126: 397. 
1891. 
RoGcers (W. A.) Division errors of the graduated scale used in the Rutherfurd 
photographic measures of the Pleiades. 
Pogson (Norman Robert). 


Astron. Jour., 12: 129-33. 1892. 
[1829-91.] 
For Biography, see Month. Not., 52: 235-8. 1892. 
Potsdam Observatory. 


LEUSCHNER (A. 0.) [Description of buildings and instruments.] Pub. Astron. 
Soc. Pacific, 4: 40-5. 1892. 
Precession. 


mehrere é6fters vorkommende Epochen. 
Precession (Constant of). 


Kreutz (H.) Hiilfsgréssen zur Berechnung der Praecession nach Strnve fiir 
RISTENPART (F'.) 


Astron. Nachr., 128: 250. 1891. 


Untersuchungen iiber die Constante der Praecession und dic 
Bewegung der Sonne im Fixsternsysteme. Veréffentl. d. grossherzog. Strnwrt 
Karlsruhe, 4: 197-288. 1892. 
Procyon. 
STRUVE (L.) Unregelmiissige Eigenbewegung von ‘Procyon nach. O. Struve’s 
Mikrometermessungen. Astron, Nachr., £30: 177-86. 
Prominences (Solar). 


1892, 
EVERSHED (J.) jr. 


Distribution of the solar prominences of 1891 
Astron. Assn., 2:174~7. 1892. 


. wo Brit. 
Fényi (J.) Eine am 3 Oct., 1892, heobachtete grosse Protuberanz. il, Astron, 
Nachr., 181; 213. 1892, 


gpaaasie 
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Prominences (Solar)—Continued. 
Fizeau (H.L.) Influence que l’aberration de li Imnivre peut exercer sur les 
observations... Compt. Rend. 113: 353-6, 1891. 
Hau (G. E.) Photography and the invisible solar prominences. Sid. Mess., 
10: 257-64. 1891. 
——. Results obtained in photographing solar prominences and their spectra. 
Astron. Nachr., 128: 109. 1891. 
—. Solar-prominence photography. Astron. Nachr., 127: 211-4. 1891. 
——. Ultra-violet spectrum of the solar prominences. Astron. and Astrophys., 
11: 602, 1892. . 
——. Ultra-violet spectriun of the solar prominences. Am. J. Se., 142: 459-67. 
1891. 
——. Photographic investigation of solar prominences and their spectra, il 
Am. J. Se., 142: 160-6. 1891. 
TROUVELOT (BE. L.) Protubérances solaires remarquables. il. L7Astron., 11: 
249-52. 1892. 
Proper motions. 
Boss (L.) Proper motions of 27 southern stars. Astron. Jour., LL: 105-7. 1892, 
Bossert (J.) Détermination des mouvemeuts propres des étoiles du catalogue 
de Vobservatoire de Paris. Bull. Astron., 8: 369-76. 1891. 
Détermination des mouvements propres de quelques étoiles. Bull. 
Astron., 9: 216-9. 1892. 
BURNHAM (S. W.) Proper motion of = 1608. Astron. and Astrophys., 11: 549. 
1892. 
——. Proper motion of the components of 61 Cygni. Sid. Mess., 10: 1-5. 1891 
——. Proper motion of = 1604. Astron. and Astrophys., 11:870-2. 1892. 
——. Proper motion of H 1968. Month. Not., 51: 108-10. 1891. 
——. Proper motion of = 547. Obsry., 14:56. 1891. 
DooutrLe (C. L.) [List of] proper-motion stars. Astron. Jour.,12:103. 1892. 
Dreyer (J. L. E.) Proper motions of 20 southern stars. Month. Not., 51: 
466-71. 1891. 
Monck (W. H. 8.) [Connection between proper motions and spectra, ] Astron. 
NOULy Ll Ai S92. 
Proper motion of the stars. Astron. and Astrophys., 11: 874-8. L892, 
Porter (J. G.) Catalogue of stars with proper motion of half a second and 
upwards. Astron. Jour., 12: 25-30. 1892. 
. Catalogue of proper-motion stars. 254p.4to. Cincinnati, 1892. PubIns 
Cincin. Obsry., 12. 
THACKERAY (W.G.) Approximate proper motions of some Groombridge stars 
Month. Not., 51: 397. 1891. 
Refraction. 
CHANDLER (S. C.) Refraction correction of photographic measures, Astron 
Alone, 1UHS aiey, ake Cale 
Rigorous computation of differential refraction. Astron. Jour, 10: 181 


1891. 

——. Device for eliminating refraction in micrometric or photographic meas- 
ures. Astron. Jour., 12:51. 1892. 

Hausporrr (F.) Zur Theorie der astronomischen Strahlenbrechung 86 p. 8yo., 
Leipzig, 1892. 

Jacosy (H.) Correction of photographic measures for refraction. Astron. 
Jour., 10: 163, 183, 191. 1891. 

Nyrtin (M.) Refraction im Beobachtungsraume. Astron. Nachr., 151: 291, 
1892. 

Ravau (R.) Essai sur les réfractions asbronomiques. 89 p. 4to, Paris, 1869. 

Rev. by Bauschinger (J.) Vrtljschr. d. Astron. Gesellsch., 27: 12-20. 1892. 
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Refraction—UContinued. 
RamBaut (A. A.) Corrections for refraction to measures of stellar photographs. 
Astron. Nachr., 131: 65-74. 1892. 
SEELIGER (H.) Notiz tiber die Strahlenbrechung in der Atmosphire, Sitzungsb. 
d. K. Bayer. Akad. d. Wessensch. 21: 239-46, 1891. 
Rev. by Safarik (A.) Vrtljschr d. Astron. Gesellsch., 27: 238-43. 1892. 
——. Extinction des lichtes in der Atmosphiire. Sitzungsb. Math.-Phys. Cl. d. 
k. bayer. akad. d. Wissensch., 21: 239, 247. 1891. 
Rev. by Safarik (A.) Vrtljschr. d. Astron. Gesellsch., 27: 238-43. 1892. 
Rutherfurd (Lewis Morris). [1816~’92. | 
Rees (J. K.) [Biographical sketch.] Astron. and Astrophys., 11: 689-97. 
1892. 
For Portrait, see Ibid. 
For Biography see also Astron. Jour., 12:32. 1892. 
Saturn. 
BARNARD (KE. E.) Transparency of the crape ring. ... £ Astron. and Astrophys., 
11: 119-23. 1292. 
DENNING (W. F.) [Drawings of] Saturn. il. Obsry., 14: 366-70. 1891. 
FLAMMARION (C.) Disparition apparente des anneaux de Saturne. il. 
L’Astron., 10: 121-39. 1891. 
FREEMAN (A.) Il]umination of Saturn’s rings during sunrise; and on recent 
observations of their reappearance. Month. Not., 52: 494-9. 1892. 
HoLpEN (KE. 8.) Observations and drawings of Satvrn, 1879-1889. il. Pub. 
Astron. Soc. Pacific, 3: 11-19. 1891. 
Pickrerine (W. H.) The planet Saturn and its satellites. Astron. and Astro- 
phys., (1: 649-52. 1892. 
TROUVELOT (EK. L.) Phenomena observed .... in 1877-78. Sid. Mess., 10: 74, 
Tey alrak, ibs 
WILLIAMS (A. 8.) Recently discovered spots on Saturn. il. Astron. Nachr., 
128: 33-8. 1891. 
Saturn (Satellites of). 
EICHELBERGER (W.S.) Orbit of Hyperion. Astron. Jour., 11: 145. 1892. 
Haru (A.) Orbitof Iapetus. Astron, Jour. 11: 97-L02. 1892. 
Sararik (A.) Durchmesser des Saturnsatelliten Titan, Astron. Nachr., 127: 
side IU) 
Sayre Observatory. 
DoouitTLe (C. L.) Latitude. Astron. Nachr., 128: 213-8. 1891. 
Scheiner (Christoph). 
VON BRAUNMUBL (A.) Christoph Scheiner als Mathematiker, Physiker und 
Astronom.,6+92p. 8vo. Bamberg, 1891. 
Rev. by Giinther (S.) Vrtljschr. d. Astron. Gesellsch, 26; 229-35. 1891. 
Schonfeld (Eduard). [1828~91. | 
KRUEGER (A.) Todes-Anzeige. Vrtljschr. d. Astron. Gesellsch., 26: 172-85. 
Also, Astron. Nachr., 127: 151. 1891. Also, transl.: Pub. Astron. Soe. Pacific, 
3: 255. 1891. Also, abstr.: Month. Not., 52: 239-42. 1892, 
Yor Biography, see also Astron. Jour., 11:16. 1891. For Portrait, see Vrtljschr. d. Astron. : 
Gesellsch., 26. 
Schultz (Per Magnus Herman). [1823~’90.] 
For Biography see Vrtljschr. d. Astron. Gesellsch. 26:3. 1891. 
For Portrait see Ibid. 
Seydler (August.) [1849~91.] 
L&ska (W.) Todes-Anzeige. Astron. Nachr., 128:15, 1891. 
Sirius. 
AuwErs (A.)_ Eeitriige zur Kenntniss des Sirius-Systems, Astron. Nachr., 129; 
185-232. 1892. 
See, also, L’ Astron., 11: 410,1, 
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Sirius—Continued. 
BuURNHAM (S. W.) [Observations and orbit]. il. Month. Not., 51: 378-88. 
1891. 


GorE (J. E.) [Inherent light of] the companion of Sirius. J. Brit. Astron. 
Assn.,1: 318. 1891. : 


Howarp (C. P.) Orbit of the companion of Sirius. Astron. Jour., 10: 149-50. 
1891. 

Srx (T. J. J.) History of the color of Sirius. Astron, and Astrophys., 11: 
269-74 ; 372-86; 550-2. 1892. 


Sky Glows. 
FOERSTER (W.) and Jesse (O.) Anufforderung zu Beobachtungen der leuchten- 
den Nachtwolken. Astron. Nachr., 130: 425-30. 1892. 
~—. Request for observations of night clouds. Astron. and Astrophys., 
11: 859-63. 1892. = 


Smithsonian Astrophysical Observatory. 
[Description of the building and instruments.] Sid. Mess., 10: 271-3. 1891. 
[INSTRUMENTs, and work proposed.] Obsry., 14: 224. 1891. 
LANGLEY (S. P.) [Established as a department of the Smithsonian Institu- 
tion.] Astron. Nachr., 127: 319. 1891. 


Solar System. 
PLAN du systéme solaire. il. L’Astron.,11: 301. 1892. 


Solar System (Motion of). 

Monck (W. H.S.) Thesun’s motion inspace. Pub. Astron. Soc. Pacific, 4: 70-7. 
1892. 

PorTER (J. G.) Motion of the solar system. Astron. and Astrophys., 11: 764. 
1892. Also, Astron. Jonr.,12: 91. 1892. 

RISTENPART (F.) Untersnehungen iiber die Constante der Praecession und die 
Bewegung der Sonne im Fixsternsysteme. Verdéffentl. d. grosshezogl. Strnwrt. 
Karlsruhe., 4: 197-288. 1892. 


Spectra (Stellar). 
Espn (T. E.) [List of ] stars with remarkable spectra. Astron. Nachr., 
126: 361-6. 1891. 
—. List of stars with remarkable spectra. Astron. Nachr., 129: 297-302. 
1892. 
FLemMinG (M.) Stars having peculiar spectra. Sid. Mess., 10:7. 1891. 
Huaaerns (W.) and Huaeins (Mrs. W.) Wolf and Rayet’s bright-line stars in 
Cygnus. Sid. Mess., 10: 49-65. 1891. See, also, Obsry., 14:45. 1891. 
Monck (W.H.S.) Spectra and proper motions of stars. J. Brit. Astron. Assn., 
2: 440-3. 1892. 
Spectra and proper motions of stars. Astron. and Astrophys., 11: 389-90, 


1892. 

PICKERING (E. C.) Distribution of energy in stellar spectra. Astron. Nachr., 
128: 377. 1891. 

. Fifth type of stellar spectra. Astron. Nachr.,127: 1. 1891. 

——. Spectrum of 6B Lyrae. Astron. Nachr., 128: 39. 1891. 

—~. The objective prism. il. Astron, and Astrophys., 11: 199-203, 1892. 


Spectroheliograph. 
Hae (G. i.) Solar photography at the Kenwood Astrophysical Observatory. 
ij. Astron. and Astrophys., 11: 407-17. 1892. 
Spectroscope. 
CAMPBELL (W.W.) Reduction of spectroscopic observations of motions in the 
line of sight. Astron, and Astrophys., 11: 319-25, 1892, 
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Spectroscope—Continued. 

Kerrier (J.E.) Elementary principles governing the efficiency of spectroscopes 
for astronomical purposes. Sid. Mess., 10: 433-53. 1891. 

——. The modern spectroscope 2: the star spectroscope of the Lick Observa- 
tory. il. Astron. and Astrophys., 11: 140-4. 1892. Also, Reprint. ; 

Newatu (H.F.) Diagram useful as a guide in adjusting a diffraction grating 
spectroscope. il. Month Not., 52: 510-12. 1892. 

YounG (C. A.) New spectroscope of the Halsted Observatory. il. Astron and 
Astrophys., 11: 292-6 1892. 

Spectroscopy. 
Hare (G.E.) Pending problems in spectroscopy. Sid. Mess., 10: 89-94. 1891. 
Spectrum analysis. 

Huaerins (W.) On spectroscopic astronomy. 35 p. 8vo. London, 1891. Lepr. 
from: Brit. Assn. Adv. Sc. 61 (meeting): 3-87. 1891. 

ScHEINER (J.) Die Spectralanalyse der Gestirne. 8-474 p.8vo. Leipzig, 1890. 

Rev. by Ebert (H.) Vrtljschr. d. Astron. Gesellsch., 27: 28-36. 1892. 

—. Berichtigungen zu “Die Spectralanalyse der Gestirne.” Astron. Nachr., 

129: 157. 1892. 
Spectrum (Solar). 

ABNrY (W.de W.) Limit of visibility of the different rays of the spectrum, 

Aiso Astron. and Astrophys., 11: 296-305. 1892. 
Repr. from: Proc. Roy. Soc. 49: 509-18. 1891. 

CorTi&z (A. L.) Some recent studies on the solar spectrum. Astron. and Astro- 

phys., 11: 393-407. 1892. 
Star-Catalogues. 

Auwers (A.) Supplément 4 Vhistoire céleste de Lalande: Catalogue de 3950 
etoiles... par M.J. Bossert. Vrtljschr. d. Astron. Gesellsch, 11: 255-70. 1892. 

BERICHTE tiker die Beobachtung der Sterne bis zur neunten Grédsse am nord- 
lichen Himmel. YVrtljschr. d. Astron. Gesellsch., 26: 284-301. 1891. 

BERICHTE iiber die Beobachtung der Sterne bis zur neunten Grosse zwischenn— 
2° und—23°. Vrtljschr. d. Astron. Gesellsch., 26: 302-5. 1891. 

CavTaLoG der Astronomischen Gesellschaft. Erste Abth., 5. Stiick Zone+502 
bis +55°. Catalogue of 8,627 stars ... from observations .,.at the Astronomi- 
cal Observatory of Harvard College ... 1870 to 1884 by W. A. Rogers. 
39+176 p. 4to. Leipzig, 1892. 

CATALOGUE de Vobservatoire de Paris. Tome 2. Paris, 1891. 

DowninG (A.M. W.) Apparent places of close polar stars. Month Not., 52: 
378-85. 1892. 

EASTMAN (J.R.) The neglected field of fundamental astronomy. Proc. Am. 
Assn. Ady. Sc., 41: 17-32, 1892. Also Reprint. 

HILriker (J.) Catalogue @étoiles lunaires. 58p.4to. Neuchatel, 1891. 

ROMBERG (H.) Catalog von5634 Sternen fiir die Epoche 1875.0 aus den Beobach- 
tungen am Pulkowaer Meridiankreise... 1874-1880. 22+142 p. 4to. St. 
Petersb., 1891. (Sup. IT aux. Obsns. de Poulkova.) 

Scuur (W.) Stern-Catalog enthaltend 6900 Sternérter fiir 1860.0. Nach den 
von Klinkerfues in den Jahren, 1858-63 angestellten Zonenbeobachtungen 
abgeleitet, 28--77 p., Ipl. 4to. Gottingen, 1892. (Astron. Mitth. Sternw.) 

Star-Charts. 
Weiss (E.) Bilder-Atlas der Sternenwelt. 41 pl. fol. Esslingen, 1891. 
Star—Clusters. 

Haun (R.) Mikrometrische Vermessung des Sternhaufens } 762... 144 Ds depls 
8vo. Leiprig, 1891. 

Repr. from: K. Sach, Gesellsch. ad. Wissensch, y. 17, No. 3. 1891. Rev. Astron, Jour., 
LISO W881: 
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Star—Clusters.—Coutinued. 
OrRTEL (K.) Neue Beobachtung und Ausmessung des Sternhaufens. 38 h. 
Perseil. 92p.,2pl. 4to. Miinchen, 1891. 
Pin. (O. A. L.) Stellar cluster y Persei micometrically surveyed. 107 p., 2pl. 
dto. Christinia, 1891. 
Stax-Places (Reduction of). 
Foun (F.) Formulae of reduction to apparent places of close polar stars, 
Month Not., 52: 551-6. 1892. 
Stars. 
Lockyer (J. N.) Causes which produce the phenomena of new stars. 52p. 
il. 8yvo. London, 1891. 
WiirrmMore (B.B.) [Disposition of certain stars in space.] 20 p., 2pl. 8vo- 
Rochester, 1892. 
Stars (Motion of) in the line of sight. 
MAUNDER (E. W.) Potsdam observations of motion in the line of sight. Obsry. 
15: 393-8. 1892. 
SPECTROSCOPIC results... at ...Greenwich ...1890. Month Not., 51: 1386. 1891. 
VoGEL (H. C.) Iron spectrum as a comparison spectrum in spectrographic 
determinations of stellar motion in the line of sight. Astron. and Astrophys., 
11:151-7. 1892. Transl. from: Sitzungsb. d. Berl. Akad. Wissensch. 28: 533 
(4 June, 1891.) 
Untersuchungen iiber die Eigenbewegungen der Sterne im Visionsradius 
auf spectrographischem Wege. Potsdam, 1892. (Pub. d. Astrophys., Obs. zu 
Potsdam, Bd. 7, Th. 1 (No. 25). 44-166 p. 4to. 
Rev. by Ebert (H.) Vrtljschor. d. Astron. Gesellsch., 27: 502-7. 1892. 
Spectroscopic method of determining the velocity of stars in the line of 
sight. Month Not., 52: 87-96. 1891. Also Astron. and Astrophys., 11: 203-12. 
1892. 
——. List... of di stars. Month. Not., 52: 541-3. 1892. 
——. Ueber Aurigae. Astron. Nachr., 127: 251. 1891. 


Strassburg Observatory. 

HoupEN (E. 8.) [Description of the building and instruments.) il. Pub. 
Astron. Soc. Pacific., 3: 279-82. 1891. 

Sun. 

BRowN(E.) Hints to beginners in solar observation. Pub. Astron. Soc. Pacific, 
3: 172=5.— 1891. 

DESLANDRES (H.) New researches on the solar atmosphere. Astron. and Astro- 
phys., 11: 314-5. 1892. See, also, Compt. Rend. 114: 276. 1892. 

Ferret (W.) Measures of the intensity of solar radiation. Am. Jour. Se., 
141: 378-86. 1891. 

- Frosr (Ek. B.) Observations on the thermal absorption in the solar atmosphere. 

Astron. Nachr., 130: 129-46. 1892. 

Observations on the thermal absorption in the solar atmosphere made at 
Potsdam. Astron. and Astrophys., 11: 720-87. 1892. 

Haim (G. E.) Condition of the sun’s surface in June and July, 1892, as com- 
pared with the record of terrestrial magnetism, Astron. and Astrophys. 
11: 917-25. 1892. 

——. Photographs of solar phenomena obtained with the spectro-heliograph of 
the Kenwood Astrophysical Observatory. il. Astron, and Astrophys., 11: 603. 
1892. 

——. A remarkable solar disturbance, 1892, July 15. Astron and Astrophys., 
11: 611-3. 1892. 

— —. Some results and conclusions derived from a photographie study of the 
sun. Astron. and Astrophys., 11: 811-5. 1892. 
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Sun—Continued. » 
—. Recherches sur l’atmosphere solaire. Compt. Rend. 114:1406. 1892. 
Harzer(P.) Rotationsbewegung der Sonne. Astron. Nachr., 127: 17-34. 1891. 
Kenzie (J. H.) Speculations, solar heat, gravitation,and sun spots. 2d ed. 
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Rev. Astron. Jour,, 11: 120. 1892. 
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Sun (Diameter of). 
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tungen an den Heliometern der deutschen Venus-Expeditionen. Astron. 
Nachr., 128: 361-76. 1891. 
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